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Attention deficit and hyperactivity symptoms occur at high rates among individuals with ASD, 
resulting in a substantial proportion of people in the population meeting the dual diagnoses 
of ASD+ADHD. The current study aims to investigate the similarities and differences of the 
neurocognitive and neural underpinnings of ADHD symptoms in the ASD and ADHD 
populations and explore the mechanisms underlying the co-occurrence of both disorders. 
The thesis contains five studies. Study I explored the relationships among executive 
function (EF), theory of mind (ToM), and ASD and ADHD symptoms in a population-based 
sample of adolescents with ASD from the Special Needs and Autism Project (SNAP) using 
structural equation modelling. The study revealed that EF was specifically associated with 
ADHD symptoms while ToM was specifically associated with ASD symptoms in this 
population. Study II compared the cognitive performance of young adults with diagnoses of 
ASD, ADHD, or ASD+ADHD, and typically developing controls on a range of EF and social 
cognition (SC) tasks. The results of this study showed that individuals with ADHD and 
ASD+ADHD were predominantly impaired in EF relative to the pure ASD and control groups. 
The pure ASD group was more impaired than the pure ADHD and control groups in SC 
although this seemed to be IQ-dependent. Study III was a comparative meta-analysis of 
neural abnormalities in ASD and ADHD relative to typically developing controls. The study 
compared the disorder-specific and shared abnormalities in neural functions related to 
inhibition and structural grey matter volume in ASD and ADHD. The study showed that ASD 
and ADHD were largely distinct disorders with few overlapping abnormalities, suggesting 
that phenocopy might be one explanation for the difficulties in inhibitory function among 
individuals with ASD. Study IV and V compared the neural underpinning of response 
inhibition, error monitoring, and selective attention and duration discrimination among young 
adults with ASD, ADHD, and ASD+ADHD and typically developing controls. The findings 
from Study IV suggested that individuals with ASD+ADHD was the most impaired among 
the four groups during error monitoring, and they showed reduced activations in the bilateral 
inferior frontal, anterior insula, thalamus and parahippocampal gyrus typically associated 
with error monitoring. Both people with ASD+ADHD and with ASD shared impairments in the 
right precuneus during selective attention. Study V showed that individuals with ASD+ADHD 
also display impairments in the right inferior frontal gyrus during duration discrimination. The 
impairments in the ASD+ADHD group resembled those found in previous studies of children 
with ADHD, possibly suggesting persisting impairments. The overall findings of this study 
suggested that there were several pathways that lead to the increased ADHD symptoms 
among individuals with ASD.    
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 ASD, ADHD and Their Co-occurring Presentation 
 
 Overview 
Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD) 
are common neurodevelopmental conditions with lifelong consequences. The two 
disorders are characterised by distinct sets of symptoms (APA, 2013) but studies 
have suggested high rates of co-occurrence between the two disorders (Gjevik, 
Eldevik, Fjæran-Granum, & Sponheim, 2011; Salazar et al., 2015; Simonoff et al., 
2008). Findings from twin studies have suggested that both disorders have 
underlying shared and disorder-specific genetic influences (Reiersen, Constantino, 
Grimmer, Martin, & Todd, 2008; Ronald, Larsson, Anckarsäter, & Lichtenstein, 
2014; Ronald, Simonoff, Kuntsi, Asherson, & Plomin, 2008). Several models, based 
on the framework of genetic risk factor and neurocognitive intermediate phenotype 
(Kendler & Neale, 2010; Neale & Kendler, 1995), have been formulated to explain 
the co-occurrence of these two disorders (Rommelse, Geurts, Franke, Buitelaar, & 
Hartman, 2011). In this introductory chapter I briefly describe the clinical 
presentation of and the neurocognitive deficits and their neuroimaging correlates in 
ASD and ADHD. I also review the clinical presentations of the individuals with 
combined ASD and ADHD, referred to in this thesis as the ASD+ADHD group. 
Various models of comorbidity proposed in the current literature will be discussed. 
This chapter concludes with an outline of the general aims of this thesis and several 
research questions the thesis aims to answer.  




 ASD: Clinical Presentation, Neurocognitive and Neuroimaging 
Correlates   
 Prevalence and Diagnostic Criteria  
Once thought a rare disorder affecting only five in 10,000 children (Lotter, 1966; 
Wing & Gould, 1979), ASD has been reported at increasingly higher rates. The 
current global estimate for the prevalence of ASD is at least 1% and rates 
approaching 2% have been reported in a few countries in the Western Pacific 
(Elsabbagh et al., 2012). Earlier studies showed higher prevalence in males who 
were affected 4-5 times more than females among those with IQ in the normal 
range, and up to twice more in males among those with intellectual disability 
(Fombonne, 2005). However, recent epidemiological studies suggest a male-to-
female ratio of 3:1 regardless of IQ (Idring et al., 2012; Mattila et al., 2011).  
The present classification systems and diagnostic criteria of mental 
disorders are described in the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5; APA, 2013) and the International Classification of Diseases (ICD-10; WHO, 
1992). In both systems, ASD is described as a childhood-onset condition 
characterised by marked and persistent impairment which, according to the more 
up-to-date DSM-5 (APA, 2013), falls in two broad domains: (1) reciprocal social 
communication and interaction across multiple contexts and (2) restricted or 
repetitive patterns of behaviour. Individuals with ASD have difficulties in 
conversational turn-taking, reduced amount of information sharing, poorer quality 
and quantity of social overtures, and difficulties in maintaining social interactions 
once started. Atypical language development such as delayed comprehension and 
expression is a common feature, although it is not a criterion for diagnosis (Lai, 
Lombardo, & Baron-Cohen, 2014), as well as repetitive or unusual use of language. 
Nonverbal communications for social purposes are also reduced among individuals 




with ASD, and where present, their elements such as facial expression, gestures 
and eye contact appear to be poorly integrated. Understanding of social 
relationships may be limited to immediate familial relationships, with little insights 
into the subtleties of other type of relationships like acquaintances, friendships, or 
spousal relationships, and their own possible roles in them. These may lead to 
difficulties in making and keeping friends or developing relationships with intimate 
partners (Howlin, Moss, Savage, & Rutter, 2013; Mendelson, Gates, & Lerner, 
2016).  
Classic accounts of children with autism describe their “obsessive desire for 
the maintenance of sameness” (Kanner, 1943, p. 245). These can range from 
having ritualised behaviour such as doing activities in a specific sequence, using the 
exact same route when travelling, arranging objects in a specific order, to having 
rigid ways of thinking. Families of children with autism often need to accommodate 
or adapt to these rigid behaviours (e.g., Marquenie, Rodger, Mangohig, & Cronin, 
2011) due to the extreme distress the children experience when encountering 
changes. Stereotyped movements are usually evident in children with autism. This 
can include simple motor movements such as hand flapping or more complex whole 
body movements such as rocking, although this might be more limited in adulthood 
(Chowdhury, Benson, & Hillier, 2010; Howlin et al., 2013). Other behaviours that 
can manifest in individuals with ASD include unusually restricted interests in certain 
objects or topics, with high intensity and strong attachment to such preoccupations. 
Finally, individuals with autism may have unusual sensory responses. This could be 
in the form of extreme sensitivity to smell, touch or sounds, or indifference to pain, 
or temperature (see Table 1-1 for the complete diagnostic criteria). Given the range 
of possible symptoms, heterogeneous presentations with differing severity, type and 
frequency are not uncommon in ASD (S. E. Levy, Mandell, & Schultz, 2009). For 




this reason, the present DSM-5 introduces severity specifiers and modifiers to 
acknowledge the heterogeneity of the condition. 
Table 1-1: DSM-5 diagnostic criteria for ASD 
A. Persistent deficits in social communication and social interaction across multiple contexts, as 
manifested, by the following, currently or by history (examples are illustrative, not exhaustive): 
1. Deficits in social-emotional reciprocity, ranging, for example, from abnormal social 
approach and failure of normal back-and-forth conversation; to reduced sharing of interests, 
emotions, or affect; to failure to initiate or respond to social interactions. 
2. Deficits in nonverbal communicative behaviours used for social interaction, ranging, 
for example, from poorly integrated verbal and nonverbal communication; to abnormalities in 
eye contact and body language or deficits in understanding and use of gestures; to a total 
lack of facial expressions and nonverbal communication. 
3. Deficits in developing, maintaining, and understanding relationships, ranging, for 
example, from difficulties adjusting behaviour to suit various social contexts; to difficulties in 
sharing imaginative play or in making friends; to absence of interest in peers. 
Specify current severity:  
Severity is based on social communication impairments and restricted, repetitive 
patterns of behaviour. 
B. Restricted, repetitive patterns of behaviour, interests, or activities, as manifested by at least two 
of the following, currently or by history (examples are illustrative, not exhaustive; see text): 
1. Stereotyped or repetitive motor movements, use of objects, or speech (e.g., simple 
motor stereotypies, lining up toys or flipping objects, echolalia, idiosyncratic phrases). 
2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns or 
verbal nonverbal behaviour (e.g., extreme distress at small changes, difficulties with 
transitions, rigid thinking patterns, greeting rituals, need to take same route or eat food every 
day). 
3. Highly restricted, fixated interests that are abnormal in intensity or focus (e.g., strong 
attachment to or preoccupation with unusual objects, excessively circumscribed or 
perseverative interest). 
4. Hyper- or hypo-reactivity to sensory input or unusual interests in sensory aspects of 
the environment (e.g., apparent indifference to pain/temperature, adverse response to 
specific sounds or textures, excessive smelling or touching of objects, visual fascination with 
lights or movement). 
Specify current severity:  
Severity is based on social communication impairments and restricted, repetitive 
patterns of behaviour. 
C. Symptoms must be present in the early developmental period (but may not become fully 
manifest until social demands exceed limited capacities, or may be masked by learned 
strategies in later life). 
D. Symptoms cause clinically significant impairment in social, occupational, or other important 
areas of current functioning. 
E. These disturbances are not better explained by intellectual disability (intellectual developmental 




disorder) or global developmental delay. 
Intellectual disability and autism spectrum disorder frequently co-occur; to make comorbid diagnoses 
of autism spectrum disorder and intellectual disability, social communication should be below that 
expected for general developmental level. 
Note: Individuals with a well-established DSM-IV diagnosis of autistic disorder, Asperger’s disorder, 
or pervasive developmental disorder not otherwise specified should be given the diagnosis of autism 
spectrum disorder. Individuals who have marked deficits in social communication, but whose 
symptoms do not otherwise meet criteria for autism spectrum disorder, should be evaluated for 
social (pragmatic) communication disorder. 
Specify if: 
With or without accompanying intellectual impairment 
With or without accompanying language impairment 
Associated with a known medical or genetic condition or environmental factor 
Associated with another neurodevelopmental, mental, or behavioural disorder 
With catatonia 
Note. The current diagnostic criteria for ASD according to the DSM-5 (APA, 2013). Major changes in the current criteria for ASD 
include the elimination of diagnostic subtypes, the merging of communication and social interaction difficulties as a defining 
domain, elimination of age-of-onset criterion, and the introduction of specifiers and modifiers to acknowledge the heterogeneity of 
ASD. 
Also relevant is the ICD-10 criteria (WHO, 1992), which is adhered to by 
clinicians worldwide. The criteria and classification system of ASD in the ICD-10 
differ from the DSM-5 in several core features, primarily in the classification of the 
disorder. The ICD-10 describes autism within the umbrella term of pervasive 
developmental disorders (PDD), which consists of several subdivisions similar to 
those previously described in the DSM fourth edition (APA, 2000). These categories 
are (1) childhood autism, (2) atypical autism, (3) Rett’s syndrome, (4) other 
childhood disintegrative disorder, (5) over-active disorders associated with mental 
retardation and stereotyped movements, (6) Asperger’s syndrome, (7) other PDD, 
and (8) PDD unspecified. The current ASD category of the DSM-5 consists of a 
subset of these ICD-10 categories. Thus, only descriptions pertaining to these ICD-
10 PDD subcategories will be given here.  
Childhood autism is a category defined by abnormal development in three 
domains of impairments of social interaction, communication and restricted or 




repetitive behaviour, apparent before the age of 3 years. Children with childhood 
autism, which also includes those given the diagnoses of autistic disorder, infantile 
autism or Kanner’s autism may have normal IQ. In such case, the children are 
described as having high-functioning autism (HFA). However, approximately three 
quarters of the childhood autism cases in fact have intellectual disability, that is, IQ 
below 70 (e.g., Charman et al., 2011; Postorino et al., 2016). Individuals with 
atypical autism differ from those the previous category in that they do not fulfil the 
onset criteria, that is, showing symptoms before the age of 3 years, or are not 
impaired in all three domains. Children with Asperger’s syndrome are characterised 
by the same difficulties as those with childhood autism. However, they differ from 
the latter by not having an additional language or cognitive impairment and by 
reaching normal expressive language milestones. Furthermore, individuals with 
Asperger’s syndrome are mostly of normal intelligence.  
Some distinctions between the two diagnostic criteria and classification 
systems are worthy of discussion. First, the DSM-5 reduces the number of domains 
of impairment by merging the social interaction and communication domains 
presently separated in the ICD-10. Deficits in communication are closely related to 
difficulties in social interaction. Studies have shown that symptoms underlying these 
separated domains load into a single factor representing social behaviour and 
verbal and nonverbal communication (T. Frazier et al., 2012; Mandy, Charman, & 
Skuse, 2012). Therefore, by separating these symptoms into two domains, 
clinicians would run the risk of counting the same symptoms twice.  Second, the 
DSM-5 merges the subcategories of PDD to reflect the recent consensus that 
autism is best viewed as a spectrum “with variable manifestations across life span, 
gender, and intellectual level and/or language ability” (Happé, 2011, p. 540). 
Evidence suggests that the subcategories of the autism spectrum were poorly 
defined, particularly for individuals with Asperger’s syndrome who often received the 




diagnosis of HFA (Klin, Pauls, Schultz, & Volkmar, 2005; Mayes, Calhoun, & Crites, 
2001). In addition, the inter-rater agreements between the subcategories of autism 
were weak (Klin, Lang, Cicchetti, & Volkmar, 2000; Mahoney et al., 1998; van 
Daalen et al., 2009). This was probably because clinicians relied more on their 
idiosyncratic systems when assigning diagnostic subgroups, rather than using the 
characteristics of the children, as findings from a multisite study recently suggested 
(Lord, 2012).   
 Outcomes of Individuals with ASD 
ASD is commonly regarded as a lifelong condition with no cure. Research has 
shown that almost all individuals with ASD retain their diagnoses from childhood to 
adolescence/young adulthood (Louwerse et al., 2015), and to adulthood (Billstedt, 
Gillberg, & Gillberg, 2005; Cederlund, Hagberg, Billstedt, Gillberg, & Gillberg, 2008; 
Farley et al., 2009). Although symptoms persist for the majority, there have been 
some contrasting findings. Improvements of overall symptoms have been reported 
in some individuals in adulthood (Cederlund et al., 2008; Farley et al., 2009; Gray et 
al., 2012; Piven, Harper, Palmer, & Arndt, 1996), as well as specific improvements 
in the domain of stereotyped and repetitive behaviour or interests (Chowdhury et al., 
2010; Howlin et al., 2013). Improvements of symptoms are modest on average 
although considerably heterogeneous across individuals, with higher IQ and early 
language status among predictors of better outcomes in adulthood (Seltzer, 
Shattuck, Abbeduto, & Greenberg, 2004).  Most recently, a few studies have 
reported a minority of individuals with an early history of ASD who reached an 
“optimal outcome” and no longer met the diagnostic criteria at the time of the report 
(Fein et al., 2013; Mukaddes, Tutkunkardas, Sari, Aydin, & Kozanoglu, 2014; Troyb 
et al., 2014). A series of studies on a group of these individuals, aged 8-21 years, 
reveal performance on par with their typically developing peers in adaptive 
behaviours, facial recognition, language, and academic ability (Fein et al., 2013; 




Troyb et al., 2014), although difficulties in social insights, attention and self-control 
ability are still evident (Orinstein et al., 2015).     
Regardless of these positive findings, the general outcomes remain poor for 
most adults with ASD. Adults with ASD encounter more difficulties in further 
education and gainful employment compared to their typically developing peers or 
people with disability other than autism (Howlin et al., 2013; Roux et al., 2013; 
Shattuck et al., 2012; S. W. White et al., 2016). Interpersonal difficulties and social 
exclusion (Baldwin, Costley, & Warren, 2014; Howlin et al., 2013; Roux et al., 2013), 
as well as difficulties in managing competing demands (S. W. White et al., 2016) 
might just be few factors that contribute to these difficulties. Many adults with ASD, 
even those with average nonverbal IQ in childhood, have poor adaptive skills and 
will need continuous supports from their parents (Cederlund et al., 2008; Chamak & 
Bonniau, 2016; Howlin et al., 2013) and for the parents, meeting the support needs 
of their sons and daughters may become an increasing burden as they themselves 
age (Chamak & Bonniau, 2016; Howlin et al., 2013).  
 Neurocognitive deficits and associated neuroimaging findings in ASD 
From the neurocognitive perspectives, individuals with ASD are thought to have 
deficits in three domains of cognitive functions: theory of mind (ToM), i.e., the ability 
to “mentalise” or attribute and infer mental states such as beliefs, intentions, or 
emotions of others (Baron-Cohen, Leslie, & Frith, 1985); executive function (EF), 
i.e., the ability to maintain goal-directed behaviour and self-control (Banich, 2009); 
and central coherence, i.e., a detail-focused cognitive style (Happé & Frith, 2006). 
Evidence shows that these neurocognitive deficits do not always manifest together 
in an individual with ASD (reviewed in Happé & Ronald, 2008; Happé, Ronald, & 
Plomin, 2006), hence a recent conceptualisation of “fractionable” cognitive deficits in 
ASD (Brunsdon & Happé, 2014). As this thesis encompasses only two of these 




cognitive domains, i.e., ToM and EF, the scope of this brief review is limited to these 
two domains only. 
The ToM deficits among children with autism were found in landmark study 
by Baron-Cohen et al. (1985). In this study, children with autism aged 6-16 years 
were compared to age-matched children with Down’s syndrome and neurotypical 
children age 3-5 years. While approximately 85% children with Down’s syndrome 
and controls passed the ToM test “False-Belief” task, 80% of the autistic children 
failed, suggesting common ToM deficits in this population. Subsequent replication of 
these findings (Brent, Rios, Happé, & Charman, 2004; Kaland, Callesen, Møller-
Nielsen, Mortensen, & Smith, 2008) alongside findings of reduced joint attention, 
i.e., shared attention on object or events (Dawson et al., 2002; Hurwitz & Watson, 
2015), and in recognising emotional expressions on faces (Hobson, 1986a, 1986b) 
indicate an extensive social cognition (SC) impairment in the ASD population. Meta-
analytic studies suggest a large effect size of impairment in facial emotion 
recognition (FER; Lozier, Vanmeter, & Marsh, 2014; Uljarevic & Hamilton, 2013) 
and ToM difficulties (Yirmiya, Erel, Shaked, & Solomonica-Levi, 1998), although 
significant variation is apparent across studies for the FER deficits. Of particular 
relevance to this thesis, a meta-analysis comparing ToM performance on separate 
samples of IQ-matched individuals with ASD and ADHD indicated significantly 
poorer performance in the former relative to the ADHD group with a medium effect 
size (Bora & Pantelis, 2015). To date, it is unclear whether ToM difficulties in 
individuals with ASD follow a pattern of delayed or atypical development. Many 
adults with ASD perform worse than typically developing controls on the ToM task 
(Heavey, Phillips, Baron-Cohen, & Rutter, 2000; Rogers, Dziobek, Hassenstab, 
Wolf, & Convit, 2007; Spek, Scholte, & Van Berckelaer-Onnes, 2010; S. J. White, 
Coniston, Rogers, & Frith, 2011), suggesting a persistent difficulty. However, a 
recent study of nearly 120 adults with ASD aged 20-79 years showed comparable 




ToM performance among older (> 50 years old) participants relative to those with no 
ASD (Lever & Geurts, 2015). Interpretations based on these cross-sectional findings 
are constrained, however, as age-dependent changes may differ between the ASD 
group from the typical developing controls. Long-term longitudinal studies will be 
required one day to shed some light on the development of ToM in ASD.  
Neuroimaging studies of typically developing individuals show that ToM 
tasks are associated with activations in the frontal-posterior network, particularly the 
bilateral temporo-parietal junction (TPJ), posterior cingulate cortex (PCC), and 
medial prefrontal cortex (mPFC), as well as precuneus and bilateral middle temporal 
gyrus (see meta-analyses Van Overwalle, 2009; van Veluw & Chance, 2014). In 
addition, tasks that elicited self-awareness activated superior temporal gyrus (STG), 
the right parahippocampal gyrus (PHGy), the right inferior frontal gyrus (IFG), 
anterior cingulate cortex (ACC) and the left IPL. An example of a ToM task within 
the fMRI environment is the Frith-Happé animated triangle, which contrasts an 
individual’s mental states attribution towards geometric objects during movements 
portraying complex mental states, e.g., persuasion or pretence, against random 
motion (e.g., Kana, Keller, Cherkassky, Minshew, & Just, 2009). Studies in children 
with ASD have shown reduced activations in the mPFC, the left anterior 
paracingulate and rostral anterior cingulate cortex (rACC), and the left inferior 
orbitofrontal cortex (OFC). They have also found the insula and TPJ to be under-
activated and functionally under-connected during tasks involving mentalising (Kana 
et al., 2015, 2009). In adults with ASD, a PET study has shown similarly reduced 
activations in the basal temporal, superior temporal sulcus (STS; a neighbouring 
area to the TPJ) and mPFC during a mentalising task (Castelli, Frith, Happé, & 
Frith, 2002). A recent sophisticated study in adults with ASD has investigated 
judgements about the mental or physical states of the self or familiar others. The 
study, which contrasted the participants’ reflective mentalising to questions such as 




“How likely are you to think that keeping a diary is important?” and “How likely is the 
Queen to have bony elbows?” (Lombardo, Chakrabarti, Bullmore, & Baron-Cohen, 
2011, pp. 1833–1834), revealed hypoactivation in the right TPJ in the ASD group 
compared to age- and IQ-matched controls. Specific impairments of the TPJ thus 
appear to be associated with mentalising difficulties among people with autism.  
In addition to SC deficits, individuals with ASD often demonstrate executive 
dysfunction (E. L. Hill, 2004; Pennington & Ozonoff, 1996). The findings from 
several reviews and meta-analyses, however, point out substantial inconsistencies 
across studies (e.g., Geurts, Corbett, & Solomon, 2009; Geurts, Sinzig, Booth, & 
Happé, 2014; Kuiper, Verhoeven, & Geurts, 2016; Landry & Al-Taie, 2016). Meta-
analyses of neurobehavioural studies show that findings of response inhibition (e.g. 
Geurts, van den Bergh, & Ruzzano, 2014; Kuiper et al., 2016), as well as cognitive 
flexibility among people with ASD (reviewed in Geurts et al., 2009; Landry & Al-Taie, 
2016) demonstrate significant heterogeneity across studies. Mixed findings have 
been attributed to differences in autism severity, age and IQ across samples, but 
some researchers also suggest that EF deficits might be mediated by other factors 
such as comorbid psychopathology like ADHD (Geurts et al., 2009; J. M. J. van der 
Meer et al., 2012),  or even the primary deficits of mentalising (S. J. White, 2013). 
Other executive deficits that have been found to be impaired in studies of individuals 
with ASD include planning (see, e. g., R. Booth, Charlton, Hughes, & Happé, 2003; 
Ozonoff & Jensen, 1999; Van Eylen, Boets, Steyaert, Wagemans, & Noens, 2015; 
D. Williams & Jarrold, 2013), visuospatial working memory (reviewed in Barendse et 
al., 2013; see also Fried et al., 2016; Merchán-Naranjo et al., 2016), and also 
generativity and verbal fluency (Kenworthy et al., 2013; Turner, 1999).   
Several fMRI findings suggest prefrontal functional impairments as the 
underpinning of EF deficits in autism, although variations effect size, regions 
recruited by the cognitive task, and the hemispheric laterality of the effect are 




apparent across studies. For instance, adults with ASD showed not only under-
activated key inhibitory regions in right inferior frontal gyrus (IFG), thalamus (Daly et 
al., 2014) and right insula (Kana, Keller, Minshew, & Just, 2007; Shafritz, Bregman, 
Ikuta, & Szeszko, 2015), during motor response inhibition tasks, but also over-
activated IFG (Duerden et al., 2013), and under-activated regions unrelated to 
motor inhibition such as the PCC, lingual and middle occipital gyri (Solomon et al., 
2014). Individuals with ASD demonstrate reduced activation in the ACC (Fan et al., 
2012; Shafritz, Dichter, Baranek, & Belger, 2008; Vaidya et al., 2011) during 
cognitive switching tasks, and reduced activation in the right dorsolateral prefrontal 
cortex (dlPFC) during the n-back working memory task (Chantiluke, Barrett, 
Giampietro, Brammer, Simmons, & Rubia, 2015). Unusual recruitment of brain 
regions may be related to compensatory mechanisms. For instance, some children 
with ASD seemed to rely on the middle occipital gyrus and FFG during a working 
memory task, because these regions were up-modulated in response to increased 
working memory load (Vogan et al., 2014). Furthermore, during sustained attention, 
a left cerebellar activation, instead of the typical dlPFC activation, were found 
among boys with ASD compared to controls, which was associated with less severe 
performance deficits (Christakou et al., 2013). These examples show that 
recruitment of brain regions other than those typically activated during a task might 
be needed to compensate for cognitive performance. 
The heterogeneity of ASD is also reflected in the findings of structural 
neuroimaging studies (e.g., Katuwal, Baum, Cahill, & Michael, 2016; Lenroot & 
Yeung, 2013; Salmond, Vargha-Khademl, Gadian, de Haan, & Baldeweg, 2007; 
Sussman et al., 2015). Reviews of structural imaging studies suggest alterations in 
several grey matter regions including the amygdala, cerebellum and fusiform gyrus, 
and also findings of abnormalities of the white matter and cortical thickness (Amaral, 
Schumann, & Nordahl, 2008; R. Chen, Jiao, & Herskovits, 2011; Salmond et al., 




2007). Meta-analyses of grey matter volume (GMV) find abnormalities in the 
temporo-parietal regions, including MTG, precuneus and the posterior cingulate and 
lateral frontostriatal areas, as well as ACC, caudate and the opercular areas (Cauda 
et al., 2011; Nickl-Jockschat et al., 2012). Although the findings may change across 
ages in atypical manner relative to typically developing individuals, as the brain of 
individuals with autism undergo rapid overgrowth in early years and accelerated 
decline from late adolescence to middle age (Courchesne, Campbell, & Solso, 
2011). Other factors such as age, IQ, autism severity and sex, most likely influence 
the heterogeneity of brain deficits in individuals with ASD as well because stratifying 
samples by these variables may improve the detection of cases (Katuwal et al., 
2016; Lai et al., 2013).    
 
 ADHD: Clinical Presentation, Neurocognitive and Neuroimaging 
Correlates 
 Prevalence and Diagnostic Criteria 
With a prevalence rate of 5-7% in children (Polanczyk, Willcutt, Salum, Kieling, & 
Rohde, 2014; Willcutt, 2012), ADHD is considered one of the most common 
neurodevelopmental disorders. Similar to ASD, boys are more likely to have the 
diagnosis of ADHD than girls, with a ratio of 2.5:1 approximated from a mixture of 
clinical and population-based studies (Polanczyk, de Lima, Horta, Biederman, & 
Rohde, 2007). The ADHD prevalence rates among adults based on meta-analyses 
are 2.5-3.4% with the data suggesting approximately equal ratios between males 
and females (Fayyad et al., 2007; Simon, Czobor, Bálint, Mészáros, & Bitter, 2009).  
The DSM-5 classification (APA, 2013) defines ADHD as a persistent pattern 
of inattention and/or hyperactivity and impulsivity that is developmentally 
inappropriate and interferes with functioning or development. Individuals meeting 




the diagnostic criteria of ADHD may display one of three possible presentations 
formerly known as “subtypes” (APA, 2000). These presentations are: (1) combined 
inattention and hyperactivity/impulsivity, (2) predominantly inattentive presentation, 
and (3) predominantly hyperactive/impulsive presentation. The use of the term 
presentation instead of subtype reflects the recognition that symptoms of individuals 
with ADHD are changeable across their lifespan and not a stable trait as implied by 
the term subtype (Epstein & Loren, 2013). To fulfil the diagnosis criteria of ADHD 
children must demonstrate at least six symptoms of inattention and/or six symptoms 
of hyperactivity and impulsivity while the threshold of symptoms is reduced to five in 
adults. For both age groups, symptoms must have been present before the age of 
12 years in more than one setting. Briefly, typical symptoms of inattention may 
include being careless and not paying attention to details, having difficulties in 
sustaining attentions in tasks or activities, not listening when spoken to directly, and 
being easily distracted and forgetful in day-to-day activity  Meanwhile, symptoms of 
hyperactivity and impulsivity can include being fidgety, being unable to stay seated 
or be still, having excessive energy, having difficulties in doing things quietly, being 
“on the go”, talking excessively, intruding on or interrupting others, and in adulthood, 
spending impulsively or starting and stopping new jobs or relationships abruptly 
(Kooij et al., 2010; Table 1-2). 
The equivalent diagnostic category for ADHD in the ICD-10 classification 
system is called the “hyperkinetic disorder” (HKD). The disorder is described as 
early onset with symptoms of inattention, over-activity and poorly modulated 
behaviour, as well as lack of persistence in tasks which are apparent from before 
the age of 6 years for long duration. Clinically, hyperkinetic disorder is more severe 
in presentation than ADHD. This is so because its diagnostic criteria require 
symptoms to be present in all three domains of hyperactivity, impulsivity, and 
inattention (Swanson et al., 1998). Therefore, only individuals with ADHD combined 




presentation based on the DSM criteria can meet the fundamental diagnostic 
requirement of HKD. Striving for one single diagnosis for every person, the ICD-10 
system also applies a more stringent exclusionary criterion for co-occurring 
psychiatric disorders for HKD than the DSM’s ADHD. Diagnoses are not to be given 
in the presence of internalising symptoms of affective disorders. A special provision 
is given to individuals with HKD and conduct disorders, who will be given the 
specific diagnosis of “hyperkinetic conduct disorder” diagnosis (WHO, 1992). 
Finally, the diagnostic criteria for HKD require higher level of cross-situational 
pervasiveness than the ADHD. For these reasons, epidemiological studies of 
prevalence rates of the HKD, which is 1-2%, is lower than the prevalence rates of 
ADHD (Swanson et al., 1998).   
 
Table 1-2: DSM-5 diagnostic criteria for ADHD 
A. Persistent pattern of inattention and/or hyperactivity-impulsivity that interferes with functioning or 
development as characterized by (1) and/or (2) 
1. Inattention: Six (or more) of the following symptoms have persisted for at least 6 months to 
a degree that is inconsistent with developmental level and that negatively impacts directly on 
social and academic/occupational activities: 
Note: The symptoms are not solely a manifestation of oppositional behaviour, defiance, 
hostility, or failure to understand tasks or instructions. For older adolescents and adults (age 
17 and older), at least five symptoms are required. 
a. Often fails to give close attention to details or makes careless mistakes in schoolwork, at 
work, or during other activities (e.g., overlooks or misses details, work is inaccurate). 
b. Often has difficulty sustaining attention in tasks or play activities (e.g., has difficulty 
remaining focused during lectures, conversations, or lengthy reading). 
c. Often does not seem to listen when spoken to directly (e.g., mind seems elsewhere, even 
in the absence of any obvious distraction). 
d. Often does not follow through on instructions and fails to finish schoolwork, chores, or 
duties in the workplace (e.g., starts tasks but quickly loses focus and is easily side 
tracked). 
e. Often has difficulty organizing tasks and activities (e.g., difficulty managing sequential 
tasks; difficulty keeping materials and belongings in order; messy, disorganized work; has 
poor time management; fails to meet deadlines). 
f. Often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental 
effort (e.g., schoolwork or homework; for older adolescents and adults, preparing reports, 
completing forms, reviewing lengthy papers). 
g. Often loses things necessary for tasks or activities (e.g., school materials, pencils, books, 
tools, wallets, keys, paperwork, eyeglasses, mobile telephones).  
h. Is often easily distracted by extraneous stimuli (for older adolescents and adults, may 
include unrelated thoughts). 




i. Is often forgetful in daily activities (e.g., doing chores, running errands; for older 
adolescents and adults, returning calls, paying bills, keeping appointments). 
2. Hyperactivity and Impulsivity: Six (or more) of the following symptoms have persisted for at 
least 6 months to a degree that is inconsistent with developmental level and that negatively 
impacts directly on social and academic/occupational activities:  
Note: The symptoms are not solely a manifestation of oppositional behaviour, defiance, 
hostility, or a failure to understand tasks or instructions. For older adolescents and adults 
(age 17 and older), at least five symptoms are required. 
a. Often fidgets with or taps hands or feet or squirms in seat. 
b. Often leaves seat in situations when remaining seated is expected (e.g., leaves his or her 
place in the classroom, in the office or other workplace, or in other situations that require 
remaining in place). 
c. Often runs about or climbs in situations where it is inappropriate (Note: In adolescents or 
adults may be limited to feeling restless). 
d. Often unable to play or engage in leisure activities quietly. 
e. Is often "on the go," acting as if "driven by a motor" (e.g., is unable to be or 
uncomfortable being still for extended time, as in restaurants, meetings; may be 
experience by others as being restless difficult to keep up with). 
f. Often talks excessively. 
g. Often blurts out an answer before a question has been completed (e.g., completes 
people’s sentences; cannot wait for turn in conversation). 
h. Often has difficulty waiting his or her turn (e.g., while waiting in line). 
i. Often interrupts or intrudes on others (e.g., butts into conversations, games, or activities; 
may start using other people’s things without asking or receiving permission; for 
adolescents and adults, may intrude into or take over what others are doing). 
B. Several inattentive or hyperactive-impulsive symptoms were present prior to age 12 years. 
C. Several inattentive or hyperactive-impulsive symptoms are present in two or more setting, (e.g., 
at home, school, or work; with friends or relatives; in other activities). 
D. There is clear evidence that the symptoms interfere with, or reduce the quality of, social, 
academic, or occupational functioning. 
E. The symptoms do not occur only during the course of schizophrenia or another psychotic 
disorder and are not better explained by another mental disorder (e.g. mood disorder, anxiety 
disorder, dissociative disorder, personality disorder, substance intoxication or withdrawal). 
 
Specify whether: 
Combined presentation: If both Criterion A1 (inattention) and Criterion A2 (hyperactivity-
impulsivity) are met for the past 6 months. 
Predominantly inattentive presentation: If Criterion A1 (inattention) is met but Criterion A2 
(hyperactivity-impulsivity) is not met for the past 6 months. 
Predominantly hyperactive/impulsive presentation: If Criterion A2 (hyperactivity-impulsivity) is 
met and Criterion A1 (inattention) is not met for the past 6 months. 
Specify if: 
In partial remission: When full criteria were previously met, fewer than the full criteria have been 
met for the past 6 months, and the symptoms still result in impairment in social, academic, or 
occupational functioning. 
Specify current severity: 
Mild: Few, if any, symptoms in excess of those required to make the diagnosis are present, and 
symptoms result in no more than minor impairments in social or occupational functioning. 
Moderate: Symptoms or functional impairment between “mild” and “severe” are present. 
Severe: Many symptoms in excess of those required to make the diagnosis, or several symptoms 
that are particularly severe, are present, or the symptoms result in marked impairment in social or 
occupational functioning 




Note. The current diagnostic criteria for ADHD, taken from the DSM-5 (APA, 2013). Noted changes in the current criteria for 
ADHD include onset age before 12 years instead of 7 years, having symptoms instead of impairments in more than one settings, 
the addition of descriptions appropriate for adults, and a threshold of minimum five symptoms for adolescents and adults aged 17 
years and older, the use of the term presentation rather than subtype, and the introduction of severity specifiers (see also text). 
Importantly, ASD no longer precludes the diagnosis of ADHD and a dual diagnosis is now permitted.      
 
The onset criteria for ADHD and hyperkinetic disorder, which are 12 years 
and 6 years, respectively, are one major difference between the two diagnostic 
systems. The relaxed onset criterion adopted by the DSM-5 is expected to improve 
recognition of certain groups (e.g., those with high intelligence or predominant 
inattention) whose symptoms are only evident upon increased demands for self-
organisation, for instance during middle school or older years. It is also expected to 
better detect individuals whose symptoms are not recognised until adulthood and 
who may no longer remember many of their childhood symptoms (Epstein & Loren, 
2013). In support to these new criteria, studies have shown that individuals with 
either age onsets have similar features as would be expected from an arbitrary 
criterion for distinction. Both groups of individuals demonstrate similar symptom 
severity and functional impairments, patterns of comorbidity, and 
neuropsychological deficits (e.g., Faraone et al., 2006; Guimarães-da-Silva et al., 
2012; Karam et al., 2009; Y. J. Lin, Lo, Yang, & Gau, 2015; Vande Voort, He, 
Jameson, & Merikangas, 2014).  It is uncertain whether the older onset threshold 
will be similarly adopted in the next revision of the ICD but this recommendation has 
been made by some researchers (Todd, Huang, & Henderson, 2008).   
 Outcomes of Individuals with ADHD 
The notion that children grow out of their ADHD during puberty was popular until the 
1990s (Barkley, 2006). Indeed, evidence suggests that hyperactivity becomes less 
obvious in adulthood while inattention is relatively more persistent (Kooij et al., 
2010). Consequently, many children with a combined ADHD presentation turn to 
have the inattentive presentation as adults (Biederman, Mick, & Faraone, 2000; 




Cheung et al., 2015; van Lieshout et al., 2016). Nevertheless, there is also evidence 
that ADHD symptoms persist in adulthood in many individuals diagnosed in 
childhood. In a previous study, at least 15% of children met ADHD criteria at 25 
years of age, with a further 25 to 45% described as having significant impairments 
(Faraone, Biederman, & Mick, 2005). More recent studies have suggested 
increasing rates of ADHD diagnosis retainers among adults, possibly due to 
improved diagnostic criteria for adults. A 10-year follow-up study of over 100 males 
with childhood ADHD showed that a third of cases still met the diagnostic criteria in 
adulthood, and 78% continued to exhibit symptoms and other persistent problems 
such having additional psychiatric comorbidities, low educational attainment, and 
interpersonal problems (Biederman, Petty, Evans, Small, & Faraone, 2010). 
Approximately between 33% and 84% ADHD diagnosis retainers have been 
reported among 600 adults across 10 countries (Lara et al., 2009). Furthermore, two 
recent follow-up studies of children seen in paediatric mental health clinics in 
southeast England and the Netherland have found approximately 80% ADHD 
diagnosis retainers in young adulthood (Cheung et al., 2015; van Lieshout et al., 
2016). 
Like those with ASD, individuals with ADHD often have poor outcomes in 
adulthood. Reports suggest that young adults with ADHD are less likely to attend 
higher education, more likely to drop out, and have lower grades compared to their 
peers (Advokat, Lane, & Luo, 2011; Barkley, 2002; Blase et al., 2009; DuPaul, 
Weyandt, O’Dell, & Varejao, 2009). Psychosocial and psychiatric difficulties (which 
include antisocial behaviour, mood and anxiety disorders, familial conflicts, nicotine 
dependence, and alcohol and drug addictions) are present at higher rates in adults 
with ADHD compared to typically developing controls (Biederman et al., 2012). 
Adults with ADHD are less likely to be in employment, more likely to be financially 
dependent on their parents (Gjervan, Torgersen, Nordahl, & Rasmussen, 2012), 




more likely to have job changes, less satisfied with their professional lives and have 
lower socioeconomic status compared with their typically developing peers 
(Biederman, Faraone, et al., 2006). Findings have also suggested that employees 
with ADHD experience more workplace injuries, have reduced work performance 
and are often out of work, which might be compounded by additional problems of 
depression and anxiety (Halmøy, Fasmer, Gillberg, & Haavik, 2009; Kessler, Lane, 
Stang, & Van Brunt, 2009).  
Evidence have suggested, however, that ADHD symptoms can be managed 
effectively with pharmacotherapy, using either stimulants such as methylphenidate 
(MPH) and dexamphetamine or nonstimulant medications such as atomoxetine 
(Biederman, Mick, et al., 2010; T. Spencer et al., 2005). Response rates to stimulant 
medications are particularly high with 70 to 90% children and adult patients 
responding to first- or second-choice stimulants (Biederman, Mick, et al., 2010; 
Fridman, Hodgkins, Kahle, & Erder, 2015; T. Spencer et al., 2005; Wigal, 2009). 
Treatments also typically result in large effect-sizes in symptom reductions (Faraone 
& Buitelaar, 2010; Fridman et al., 2015; Wigal, 2009). Effective treatments in 
children are associated with improved on-task behaviour and increased completion 
of academic work (Prasad et al., 2013) and also better outcomes in adulthood (e.g., 
Adler et al., 2013; Asherson et al., 2015; M. Shaw et al., 2012; Sobanski, Schredl, 
Kettler, & Alm, 2008). An analysis of over 40 studies has shown that treatments in 
children and adults led to better self-esteem, social and academic function, and 
driving behaviour in the long-term compared to those untreated (M. Shaw et al., 
2012). Some findings have also suggested that effective treatment enhance sleep 
quality (Boonstra et al., 2007; Kooij, Middelkoop, van Gils, & Buitelaar, 2001; 
Sobanski et al., 2008), emotional control, and overall quality of life (Adler et al., 
2013; Asherson et al., 2015). 




 Neurocognitive deficits and associated neuroimaging findings in ADHD 
Recent neurocognitive models of ADHD have undergone rapid evolution, expanding 
from the earlier model that focused on the “core” cognitive deficit of inhibition and 
EF (Barkley, 1997). When compared to typically developing controls, people with 
ADHD often demonstrate deficits in response inhibition, sustained attention, working 
memory, planning (reviewed by Willcutt, Sonuga-Barke, Nigg, & Sergeant, 2008), 
timing (reviewed by Noreika, Falter, & Rubia, 2013), and temporal reward 
discounting (Solanto et al., 2001; Sonuga-Barke, Dalen, & Remington, 2003). 
Results across studies appear consistent, possibly more so than in ASD based on 
formal analyses of heterogeneity in several meta-analyses, especially in inhibition, 
sustained attention, and working memory (Alderson, Kasper, Hudec, & Patros, 
2013; Alderson, Rapport, & Kofler, 2007; Kasper, Alderson, & Hudec, 2012; Lipszyc 
& Schachar, 2010; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005).  Across 
individuals with ADHD, however, there is considerable variation of findings. That is, 
some individuals may have difficulties in one set of cognitive tasks but not in others. 
Approximately 75 to 80% of individuals in the ADHD group (vs. 40 to 50% controls) 
are characterised by at least one impaired EF task performance beyond the 90th 
percentile (Coghill, Seth, & Matthews, 2014; Nigg, Willcutt, Doyle, & Sonuga-Barke, 
2005). The current model of ADHD hypothesises that there are multiple 
independent pathways towards the disorder, which include deficits in temporal 
reward discounting, inhibition, and timing (de Zeeuw, Weusten, van Dijk, van Belle, 
& Durston, 2012; Sonuga-Barke, Bitsakou, & Thompson, 2010).These deficits, 
occurring singly or in combinations in an individual, are thought explain the 
individual diferences of cognitive findings in ADHD (Castellanos, Sonuga-Barke, 
Milham, & Tannock, 2006; Sonuga-Barke, Sergeant, Nigg, & Willcutt, 2008; see 
also Fair, Bathula, Nikolas, & Nigg, 2012; Mostert, Hoogman, et al., 2015 for the 
latest conceptualisation of the multiple-pathway model).  




Findings have suggested persistent EF deficits in many adults with ADHD 
diagnosed in childhood (Bédard, Trampush, Newcorn, & Halperin, 2010; Biederman 
et al., 2007, 2009; M. Miller, Ho, & Hinshaw, 2012; Nigg, Butler, Huang-Pollock, & 
Henderson, 2002), despite reports of reduced behavioural symptoms in the 
population (Bédard et al., 2010; Kooij et al., 2010). Compared to age-matched 
controls, college students with combined ADHD presentation in childhood and 
persistent symptoms in adulthood have deficits in effortful motor inhibition (Nigg et 
al., 2002). Furthermore, Biederman et al. (2007) have found that a large proportion 
of individuals displaying at least two impaired EF tests in childhood (i.e., 
performance 1.5 standard deviation away from controls) continue to do so in 
adulthood. Importantly, adults who demonstrated impaired performance of EF, 
based on the above definition of impairment, were found to have lower educational 
and occupational attainment, and adaptive social and leisure functioning than those 
who did not, suggesting that individuals with EF impairments also have more severe 
impairment (Biederman, Petty, et al., 2006). Recent investigations have extended 
these findings by showing that EF deficits persisted even in adults with ADHD who 
already reached a partial remission status (Bédard et al., 2010). This finding 
suggests that EF deficits are a stable trait among those with childhood ADHD 
regardless of their diagnostic status in adulthood.      
 EF deficits in ADHD were traditionally linked with abnormalities in the lateral 
frontostriatal circuitries. However, recent findings have shown that the impairments 
also extended into the orbito-fronto-striatal and frontocerebellar circuitries (Cubillo, 
Halari, Smith, Taylor, & Rubia, 2012; Durston, van Belle, & de Zeeuw, 2011). The 
lateral frontostriatal circuitries and the dorsal ACC are associated with higher order 
function such as response inhibition, working memory, and attentional control (see 
e.g., Arnsten & Rubia, 2012; Aron, 2011). A meta-analysis of 55 EF studies of 
individuals with ADHD have revealed consistent under-activation in the fronto-




striato-temporo-parietal regions in children, and in the right central sulcus, 
precentral gyrus (pre-CG), and middle frontal gyrus (MFG) in adults with ADHD 
relative to controls (Cortese et al., 2012). In the context of the neural correlates of 
response inhibition, recent meta-analyses have shown predominant under-
activations in the right IFG/insula, supplementary motor area (SMA)/dmPFC and 
basal ganglia (BG) among individuals with ADHD (Hart, Radua, Nakao, Mataix-
Cols, & Rubia, 2013; Norman et al., 2016).  
The vmPFC and OFC mediate top-down control of affect and motivation 
through their interactions with the amgydala and striatum (Dolan, 2007; Kringelbach, 
2005). The orbito-fronto-striatal circuitries are implicated in ADHD during delayed 
reward task (Plichta & Scheres, 2014). Specifically, reduced activations are found in 
the striatum during reward anticipation (Kappel et al., 2015; Plichta & Scheres, 
2014) and increased activations in this region are observed instead during reward 
receipt (Furukawa et al., 2014; Stroehle et al., 2008; Von Rhein et al., 2015). The 
cerebellum, traditionally implicated in the planning and execution of movement, is 
now thought to also play role in higher order processes including language 
processing, spatial processing, emotional processing, working memory, inhibition, 
vigilance, and timing (Baumann et al., 2015; Stoodley, 2012; Strick, Dum, & Fiez, 
2009). Correspondingly in ADHD, abnormal cerebellar activation has been 
observed, mostly in the lateral and medial parts, in conjunction with frontostriatal 
deficits during sustained attention (Cubillo et al., 2012; Rubia, Halari, Cubillo, et al., 
2009) and inhibition (Cubillo et al., 2014; Hart, Chantiluke, et al., 2014; Rubia, 
Halari, Mohammad, Taylor, & Brammer, 2011). Findings from a meta-analysis of 
fMRI studies in finger tapping, temporal foresight or perceptual timing tasks have 
suggested that the right cerebellar under-activations, left IFG/insula, left 
supramarginal gyrus/STG and right dlPFC were neural correlates of poor interval 
timing among ADHD patients (Hart, Radua, Mataix-Cols, & Rubia, 2012). 




Furthermore, abnormal functional connectivity between cerebellum and prefrontal, 
striatal, and parietal regions were found during attention and working memory 
performance (Massat et al., 2012; Rubia, Halari, Cubillo, et al., 2009).  
Findings of functional impairment in the frontal lobe of people with ADHD are 
consistent with the maturational delay hypothesis (El-Sayed, Larsson, Persson, 
Santosh, & Rydelius, 2003; Rubia, 2007; P. Shaw et al., 2007; Sripada, Kessler, & 
Angstadt, 2014). First suggested by Kinsbourne (1973), who noticed the 
behavioural resemblance of children with ADHD with younger children, the delayed 
maturation hypothesis has provided an explanation for the frontal-lobe reliant EF 
performance deficits among individuals with ADHD (see e.g., Berger, Slobodin, 
Aboud, Melamed, & Cassuto, 2013). The hypothesis might also explain the 
symptom decline among adults with ADHD, which could be suggestive of a 
developmental “catch-up” (El-Sayed et al., 2003). Cortical maturation takes place in 
a “back-to-front” manner (Gogtay et al., 2004), occurring first in the primary sensory 
areas such as the somatosensory and visual cortices and last in higher order 
association areas such as the dlPFC, inferior parietal, cingulate cortex, and STG 
(Giedd et al., 2015; Gogtay et al., 2004; P. Shaw et al., 2008). P. Shaw et al. (2007) 
have shown that peak cortical thickness is reached on average 2 to 5 years later in 
ADHD than in typically developing adolescents, with the greatest delay observed at 
the middle frontal (5 years) and superior temporal cortices (4 years).  Analyses of 
cortical surface areas and gyrification have also suggested similar delay in the 
ADHD group by approximately 2 years compared to the typically developing 
controls (P. Shaw et al., 2012), providing direct neuroanatomical support for the 
delayed maturational theory in ADHD. 
 




 The Co-occurrence of ASD and ADHD and Models of Comorbidity 
 Prevalence, Clinical Characteristics, and Treatments 
Despite their distinctive clinical presentations, symptoms of ASD and ADHD 
frequently co-occur (Gjevik et al., 2011; Grzadzinski et al., 2011; Kochhar et al., 
2011; Leyfer et al., 2006; Salazar et al., 2015; Simonoff et al., 2008). It might seem 
difficult at first to picture the co-occurrence of ADHD symptoms such as 
“boisterousness” and “impulsivity” together with ASD symptoms such as “social 
aloofness” and “insistence on sameness”. However, ASD has a highly 
heterogeneous presentation and not everyone with the condition conforms to the 
socially-uninterested stereotype. An early epidemiological study described a 
substantial proportion (43%) of ASD children as “active but odd” (Wing & Gould, 
1979). These socially motivated children were described as having over-bearing 
social overtures consisting of “pestering”; sometimes revolving around their 
circumscribed interests (Wing & Gould, 1979).  
An early study using a multivariate analyses of ADHD symptoms among 166 
ASD children showed that these symptoms were distributed among two groups 
thought to represent children with the Asperger’s and HFA (Eaves, Ho, & Eaves, 
1994), which made up 25% of the entire sample. This rate is consistent with to the 
lowest estimate of ADHD diagnoses among clinically referred ASD in subsequent 
studies, that is, 23 to 83% (J. Frazier et al., 2001; Ghaziuddin, Weidmer-Mikhail, & 
Ghaziuddin, 1998; Kaat, Gadow, & Lecavalier, 2013; Mattila et al., 2010; Mukaddes, 
Hergüner, & Tanidir, 2010; van Steensel, Bögels, & de Bruin, 2013), although these 
estimates may be inflated by referral biases. In community samples of children with 
ASD, approximately 30 to 60% children meet the criteria for ADHD diagnosis 
(Gjevik et al., 2011; Leyfer et al., 2006; Salazar et al., 2015). Importantly, an 
estimated 28% of children with ASD in their middle childhood meet the criteria for 




ADHD diagnoses according to epidemiological study of a small but representative 
population cohort “the Special Needs and Autism Project” (SNAP; Simonoff et al., 
2008), confirming that ADHD occurs in the ASD population at rates above what is 
expected by chance. Interestingly, estimates of co-occurring ASD in the ADHD (10 
to 40%), are lower than in the ASD populations (e.g., Carpenter Rich, Loo, Yang, 
Dang, & Smalley, 2009; Grzadzinski et al., 2011; Kochhar et al., 2011; A. Mulligan 
et al., 2009). These figures were not estimated rigorously, however, since they were 
derived from the number of cases of people with ADHD scoring beyond cut offs on 
single questionnaires, which is an inadequate method for diagnosing ASD (Risi et 
al., 2006). Nevertheless, the lower rates are not unexpected given the relatively 
higher base prevalence of ADHD compared to ASD.       
In the absence of longitudinal studies following individuals with ASD+ADHD, 
the stability of ADHD symptoms in among adult population with ASD is presently 
unknown. Simonoff et al. (2013) have observed that the ADHD symptoms among 81 
children with ASD seen in the SNAP cohort persisted into mid-adolescent years, 
although the issue of persistence has not been thoroughly investigated in this 
sample now that the children are reaching their young adulthood. In clinical samples 
of adults, approximately 37 to 46% of individuals of ASD meet the for current ADHD 
diagnosis, which were not different compared to ADHD diagnostic rates among non-
ASD clinical referrals (Hofvander et al., 2009; K. Johnston et al., 2013; Joshi et al., 
2013; A. J. Russell et al., 2016). A finding from one study contrasting the lifetime 
and current (68 versus 42%) ADHD diagnoses among adults with ASD suggested 
decreasing number of ADHD prevalence with age (Joshi et al., 2013). These 
findings may suggest that ADHD symptoms are not in fact overrepresented among 
adults with ASD, although clinical estimates are unlikely to be accurate due to 
sample biases. Nevertheless, the fact that ADHD symptoms are present in a 




substantial proportion of adults with ASD warrants further investigation in this age 
group. 
One way to understand the phenomenology of ADHD symptoms in the 
ASD+ADHD group is by exploring the similarities or differences in symptoms 
compared to those in the “pure” ADHD cases. Findings from past studies have 
suggested that the presentation and severity of ADHD symptoms in the ASD+ADHD 
are largely similar those found in the pure ADHD population (S. Goldstein & 
Schwebach, 2004; K. Johnston et al., 2013; Joshi et al., 2014). Similar profiles of 
ADHD symptoms are found between individuals with PDD+ADHD, combined or 
inattentive, and their pure ADHD counterparts in a thorough investigation involving 
retrospective chart reviews of developmental, psychosocial, and neuropsychological 
functioning (S. Goldstein & Schwebach, 2004). In addition, clinical ADHD 
presentations (i.e., combined, inattentive, and hyperactive) do not seem to be 
associated with any particular subcategories of the PDD according to a clinical 
study (K. Johnston et al., 2013). Where differences were detected, these were 
subtle. For instance, adults with PDD-NOS were found to have significantly more 
symptoms of inattention and hyperactivity/impulsivity than those with Asperger’s 
syndrome although the diagnostic rates among the PDD subgroups in this study did 
not differ from one another (Hofvander et al., 2009).  More recently, youths with 
HFA+ADHD were found to show less carelessness, less tendency for not listening, 
but more problems waiting their turn and intruding on others than the pure ADHD 
group (Joshi et al., 2014). 
ASD symptoms in the ASD+ADHD group are also similar to those found in 
the pure ASD group (Holtmann, Bölte, & Poustka, 2007; Salley, Gabrielli, Smith, & 
Braun, 2015; Yerys et al., 2009) when assessed using gold-standard measures 
such as the Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & Le 
Couteur, 1994) or the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 




2000). Studies have suggested that children with ASD and with ASD+ADHD 
demonstrate the same number of social interaction, communication, and repetitive 
behaviour symptoms (Holtmann et al., 2007; Yerys et al., 2009) on the ADI-R or the 
ADOS. In contrast, autistic traits as judged on Social Responsiveness Scale (SRS; 
Constantino, 2011) are found increased in the ASD+ADHD relative to the ASD 
group (Yerys et al., 2009), although the difference in findings might be because 
SRS is designed for assessing broad spectrum of autistic traits in the general 
population. Most recently, a large study of over 200 children and youth with ASD, 
ADHD, ASD+ADHD and typically developing controls shows that communication 
and social interaction judged on the ADOS are similarly impaired in the ASD and 
ASD+ADHD groups, and substantially less impaired in the ADHD and controls, 
which do not differ from one another (Salley et al., 2015). These findings led the 
authors to suggest that ADOS could be used as an instrument to distinguish youth 
ADHD alone from those with ASD alone or with ASD+ADHD. 
Despite the similarities between ASD and ADHD symptoms in the 
ASD+ADHD group compared to the pure groups, those with dual diagnoses are 
often reported to have more severe additional problems. Studies have shown that 
children with ASD+ADHD have more externalising behaviour, for example 
delinquencies, aggressive behaviours or conduct problems than children with ASD 
alone (F. Craig et al., 2015; Holtmann et al., 2007; Jang et al., 2013; Yerys et al., 
2009) and those with ADHD alone (Goldin, Matson, Tureck, Cervantes, & Jang, 
2013; Jang et al., 2013). Individuals with ASD+ADHD also display increased 
internalising symptoms than the pure groups, for instance, symptoms of withdrawal, 
anxiety and depression (Holtmann et al., 2007; Yerys et al., 2009). They 
demonstrate poorer adaptive skills in daily living (Rao & Landa, 2014; Sikora, Vora, 
Coury, & Rosenberg, 2012; Yerys et al., 2009), and socialisation and/or 
communication skills expected for their level of cognitive ability compared to those 




with ASD or ADHD alone (Ashwood et al., 2015). Evidence also suggests that 
individuals with ASD+ADHD have poorer quality of life, judged from psychosocial 
and physical functioning (Sikora et al., 2012), as well as more emotional, 
behavioural and peer problems than those with ASD (S. Thomas, Sciberras, Lycett, 
Papadopoulos, & Rinehart, 2015).  
Finally, conventional pharmacological treatments for ADHD symptoms given 
to children with ASD+ADHD appear to result in modest outcomes with lower 
response rates and effect size and more unfavourable side effects than those found 
in children with ADHD alone (Harfterkamp et al., 2012; Pearson et al., 2013; Posey 
et al., 2007; RUPP Autism Network, 2005). One double-blind randomised controlled 
trial (RCT) cross-over study reported a response rate of 49% to immediate release 
MPH among 66 children with ASD (RUPP Autism Network, 2005) and 20% to 
atomoxetine after an 8-week trial (Harfterkamp et al., 2012).  The effect sizes of 
improvement for the optimal dose of MPH and atomoxetine are similarly lower in 
magnitude (Harfterkamp et al., 2012; Posey et al., 2007; RUPP Autism Network, 
2005) when given to individuals with ASD+ADHD than in those with pure ADHD. 
Note that strict comparison cannot be made between these separate studies 
because of the variety of outcome measures used across investigations. 
Nevertheless, the somewhat different effect of ADHD medication among individuals 
with ASD+ADHD compared to those with ADHD alone might suggest that ADHD 
symptoms in ASD+ADHD have different underlying biology from those found in 
ADHD alone. The evidence based on these pharmacological trials is circumstantial, 
however, and the similarities or differences in ADHD phenotypes between the 
ASD+ADHD and the pure ADHD group must be directly investigated using a range 
of methodologies, including genetics, neurocognitive and neuroimaging studies.  




 Genetic Findings and the Conceptualisation of the Intermediate 
Phenotypes 
Findings of molecular and behavioural genetic have shown influences that link ASD 
and ADHD (e.g., Polderman, Hoekstra, Posthuma, & Larsson, 2014; Ronald et al., 
2014, 2008; N. M. Williams et al., 2010). Both autistic and ADHD traits are highly 
heritable (Chang, Lichtenstein, Asherson, & Larsson, 2013; Holmboe et al., 2014), 
thus the role of shared genetic risk factors in explaining the high phenotypic 
correlations is within the expectation. Twin studies in the general population have 
shown substantial genetic influences in the overlapping phenotypes of ASD and 
ADHD, as well as specific genetic influences for each disorder (Polderman et al., 
2014; Reiersen et al., 2008; Ronald et al., 2014, 2008). Also interesting is the 
evidence from molecular genetic genome wide analysis studies that have shown 
that ADHD is associated with enriched copy number variants, i.e., large and rare 
deletions and repeats of chromosomes, in loci that have previously been reported in 
autism and intellectual disability (Langley et al., 2011; N. M. Williams et al., 2010).  
Despite these compelling findings, the mechanism that leads to the co-
occurring of the two disorders remains unclear. This is so because there are a 
myriad of biological and cognitive processes and thus multiple routes from genes to 
observable behavioural symptoms (Viding & Blakemore, 2007). In recent years, 
researchers have conceptualised the “endophenotypes”, which can be either 
mediating or moderating influences between genes and psychopathology (Kendler 
& Neale, 2010; Rommelse et al., 2011; Viding & Blakemore, 2007). The 
endophenotypes are “simpler clues to genetic underpinnings than the disease 
syndrome itself” (Gottesman & Gould, 2003, p. 636). Therefore, they are supposed 
to be stable and simpler phenotypes of syndromes that could facilitate investigation 
of their genetic roots. In the context of psychiatric disorders, one recent formulation 
of endophenotypes is as mediators, that is, the intermediate phenotypes, between 




genes and symptoms (Banaschewski, Neale, Rothenberger, & Roessner, 2007; see 
also other models in Rommelse et al., 2011). Domains of cognitive functions such 
as EF, error processing, social cognition, temporal foresight, and sustained attention 
were among the candidate intermediate phenotypes, and several models of 
comorbidity involving some these intermediate phenotypes are discussed further 
below.  
 Alternative Explanations for the Co-occurrence of ASD and ADHD 
 Some Unlikely Explanations 
In the current literature, several possible explanations have been evaluated for the 
increased co-occurrence of ASD and ADHD. Some of these explanations are 
unlikely and can be ruled out immediately based on the available findings. Firstly, 
the elevated co-occurrence ASD and ADHD is not an “artefactual” phenomenon 
(Caron & Rutter, 1991; Neale & Kendler, 1995) due to biased estimation or due to 
“nosological confusion”  (Caron & Rutter, 1991, p. 1067). The classification of 
psychiatric disorders is often characterised by ambiguous boundaries, that can be 
partly caused by the presence of “nonspecific symptoms” (e.g. restlessness) which 
index for several psychopathologies.  
The conservative estimate of the co-occurrence of ASD and ADHD is 28% 
according to the only epidemiological study by Simonoff et al. (2008). From the base 
rates for ASD and ADHD estimated by epidemiology studies of each disorder, the 
co-occurrence rate estimated by the epidemiological study is several-hundred times 
the rate of co-occurrence by chance. With respect to the nosological boundary 
issue, factor analyses of symptoms of ASD and ADHD among samples of children 
with ASD, with ADHD or a large population-based sample have shown little 
evidence for overlapping diagnostic criteria that could influence the number of 
comorbid cases (Ghanizadeh, 2010, 2012; J. Martin, Hamshere, O’Donovan, Rutter, 




& Thapar, 2014). In these studies, symptoms of ADHD and ASD are typically 
separable into two-factor solutions of each disorder’s symptoms (Ghanizadeh, 
2012), or several factors representing the subdomains of symptoms such as social 
difficulties, repetitive behaviour, hyperactivity and inattention (Ghanizadeh, 2010; J. 
Martin et al., 2014).  
Another explanation that seems unlikely is that ASD or ADHD gives rise to 
the other disorder or be its “pre-comorbid disorder” (Taurines et al., 2010). In this 
model, the manifestation of one disorder increases the risk of the other like a 
“domino effect” (Banaschewski et al., 2007), although their risk factors are 
uncorrelated. In this case, the role of pre-comorbid disorder in the co-occurrence of 
ASD and ADHD is likely to be taken by the ASD, particularly the childhood autism 
subcategory. This is so because childhood autism is apparent at earlier age of onset 
(< 3 years) and, thus hypothetically, should be the “cause” for the ADHD and not the 
other way around (Taurines et al., 2010). Yet reports of children with early ASD 
diagnosis who become primarily ADHD at later age are rare (see Fein, Dixon, Paul, 
& Levin, 2005 for few exceptions) and in fact up to 50% of children with diagnoses 
of ASD and ADHD, receive their ADHD diagnoses first before being diagnosed with 
ASD in later years (Davidovitch, Levit-Binnun, Golan, & Manning-Courtney, 2015; 
Frenette et al., 2013; Jensen, Larrieu, & Mack, 1997; Miodovnik, Harstad, Sideridis, 
& Huntington, 2015).  
Equally unlikely is the argument that the cases where ADHD is recognised 
before ASD can represent instances where ADHD traits lead to ASD symptoms. 
There is very little evidence to suggest that treatments of ADHD have a major effect 
on the autistic traits in individuals with ASD+ADHD presentation (Harfterkamp et al., 
2014; Pearson et al., 2013; Posey et al., 2006, 2007; RUPP Autism Network, 2005; 
Troost et al., 2006), which was expected if those autistic traits were rooted in the 
primary ADHD diagnosis. The largest effect of ADHD medication on the ASD-like 




trait reported so far are in reducing the amount of inappropriate speech 
(Harfterkamp et al., 2014; Posey et al., 2006) which may reflect ADHD-related 
excessive talking (Harfterkamp et al., 2014). Further no study has reported the 
effects of these medications on reciprocal social behaviour, the cornerstone of ASD 
symptoms. 
 Possible Models for the Co-occurrence of ASD and ADHD 
The cartoon on Figure 1-1 (p. 53) depicts four models of comorbidity adapted from 
the multifactorial model of comorbidity (Neale & Kendler, 1995), with  the paths 
connecting the risk factors to behavioural symptoms mediated by the intermediate 
phenotypes, distinguished at the brain and neurocognitive levels (Banaschewski et 
al., 2007). Other more sophisticated models that do not assume this mediated path 
organisation can be seen in a recent publication by Rommelse et al. (2011). The co-
occurrence of two disorders could be because: (a) one disorder is symptomatic 
phenocopy or a multiform of the other, (b) the two disorders are alternate forms of 
the same underlying condition, (c) the two disorders are independent disorders but 
have correlated risk factors and (d) there is third separate disorder that lead to the 
expression of both disorders at symptomatic level. If ASD and ADHD were the same 
disorder they will have the same underlying intermediate phenotypes as the 
ASD+ADHD group, or in a specific case that will be described further below, they 
will present a gradient of severity in their intermediate phenotype. If the two 
disorders are separate, impairments seen in the ASD+ADHD cases might be a 
linear combination of the pure condition. Findings otherwise will point towards a 
third independent disorder or a symptomatic phenocopy. 
 
 





Figure 1-1: Possible models for the co-occurrence of ASD and ADHD and possible findings at cognitive and brain levels 
 
Note. (a-d) Four models of comorbidity adapted from the multifactorial model (Neale & Kendler, 1995), but with path from genetic and environmental risk factors to behavioural symptoms mediated by intermediate 
phenotypes distinguished at the brain and neurocognitive levels (Banaschewski et al., 2007). List abbreviations: G = genetics risk factors, E = environmental risk factors, B = brain conditions, C = cognitive impairments, S = 
symptoms. The elements coloured blue is ADHD-related and the elements coloured light blue is ASD-related. The elements coloured black represents a third condition. The models represent (a) the symptomatic phenocopy 
or multiformity, where one disorder mimics the presentation of another through its interaction with environmental factor or in the absence of interaction with environment, e.g., when two different neural impairments produce 
similar neurocognitive performance and overlapping behavioural presentation from the two pure disorders within an individual, (b) the alternate forms, when one underlying genetic risk factor, i.e., a pleiotropic gene gives rise 
to both disorders presentation, depicted here at range of different phenotypic levels, and leading to either co-manifesting of the two disorders or temporally alternating presentation of the two disorders. Included in type of 
comorbidity is the a specifically hypothesised “gradient overarching disorder” (Rommelse et al., 2011; J. M. J. van der Meer et al., 2012) where the behavioural and cognitive phenotype of ASD and ADHD were thought to be 
distributed continuously to express increasing social communication severity from ADHD (the least severe) to ASD (the most severe). The next model (c) expresses two independent disorders with correlated risk factors, i.e., 
a form of true comorbidity where the two separate disorders in an individual co-occurs above chance because they have correlated liability (Please turn over). 





Figure 1-1 (cont.): Possible models for the co-occurrence of ASD and ADHD and possible findings at cognitive and brain levels 
 
 
Note. List abbreviations: G = genetics risk factors, E = environmental risk factors, B = brain conditions, C = cognitive impairments, S = symptoms, I = intermediate phenotype. The elements coloured blue is ADHD-related 
and the elements coloured light blue is ASD-related. The elements coloured black represent a third condition. The elements coloured navy blue represent the ASD+ADHD phenotype. The model (d) expresses a comorbidity 
model where the apparent co-occurrence of the two disorders in fact a manifestation of a third disorder of independent nosology. Here the effect of the third set of genes are not assumed to manifest only at the behavioural 
level but could also be in the brain or cognitive level. The test for this would involve investigating the comorbid form of the disorders at a genetic level. The figure (e) depicts the possible outcome for the intermediate 
phenotypes when they are representing the same or separate disorders. The fact that ASD and ADHD are the same disorder would be revealed by the same intermediate phenotype (brain/cognitive abnormality). In the 
absence of gradient severity individuals with ASD+ADHD will have the same phenotype of as those with ASD or ADHD, in the case of gradient severity, cognitive impairments will follow the trend ADHD<ASD+ADHD<ASD. 
The figure below depicts possible findings when if the two disorders are separate. In this case the impairments seen in the ASD+ADHD cases will be a function of the added impairment of each pure condition. If this is not the 
case, the comorbid case might well be an independent disorder or a phenocopy.     





As shown in Figure 1-1a, the elevated co-occurrence of ASD and ADHD can be a 
manifestation of symptomatic phenocopy, i.e., where symptoms of one disorder 
mimic the others. The important feature of this model is that ASD and ADHD are 
influenced by two separate genetic influences therefore it can be considered a “true 
comorbidity” (Banaschewski et al., 2007). One variant of the phenocopy is where an 
individual in a certain environment develops an identical phenotype to a person 
whose phenotype is determined by their genes. Hypothetically, a child who is 
genetically predisposed to ADHD but is brought up in a family with strong ASD traits 
may develop ASD traits through social learning or mimicking behaviour, as well as 
ADHD symptoms from genetic influences (Rommelse, Franke, Geurts, Hartman, & 
Buitelaar, 2010). Children with ASD perhaps can develop traits consistent with 
ADHD when the incentive to self-regulate behaviours is lacking or because the 
children lack in social motivation. Studies have shown that certain styles of 
parenting, that is the permissive and authoritarian styles, are typically associated 
with increased disruptive behaviour, aggressiveness and reduced delayed 
gratification among children (Baumrind, 1966; DeVito & Hopkins, 2001; Mauro & 
Harris, 2000; Underwood, Beron, & Rosen, 2009). More permissive parenting styles 
have been reported among parents towards children with ASD compared to 
unaffected siblings (van Steijn et al., 2013), although the relationships between 
parenting styles and ADHD traits in these children were not explored.  
Another variant of phenocopy independent from environmental factor is also 
a possible model (Neale & Kendler, 1995). For instance, it is well-established that 
performance deficits in response inhibition task in ADHD is underpinned by 
functional under-activations in the ventrolateral prefrontal areas such as the 
opercular frontal, IFG and insula, as well as subcortical regions such as the BG 
(Hart et al., 2013; Norman et al., 2016). However, it is also known that the 




performance on a specific cognitive task often relies on wider brain networks other 
than those crucial for the cognitive function the task is used to tap in. The 
performance on motor inhibition task may rely on the capacity for maintaining 
response sets and salience detection (e.g., M. Hughes et al., 2014; Ray Li, 2006). 
An individual may therefore have difficulties in maintaining a set of responses 
(between responding and non-responding in a motor inhibition task for instance) 
due to impairments in the dlPFC regions instead of the IFG, but demonstrate deficit 
on a motor inhibition task on par to those with ADHD.  
ASD and ADHD as Alternate Forms of One Disorder 
An interesting model considered by some researchers is where ASD and ADHD are 
alternate forms of the same underlying disorder (Rommelse et al., 2011; J. M. J. van 
der Meer et al., 2012; see Figure 1-1b).  Anecdotal observation of children admitted 
in clinics with ASD or ADHD suggest fluid presentation throughout the development 
as if a “common symptomatology runs through these disorders like a continuous 
thread” (Rommelse et al., 2011, p. 1368). Indeed, both disorders demonstrate 
similar range of cognitive difficulties particularly in the EF domain (briefly reviewed 
above) with preliminary evidence suggesting that individuals with ADHD are also 
impaired in social cognition (Bora & Pantelis, 2015; Uekermann et al., 2010). Based 
on these observations, the two disorders may be part of a continuum with same 
underlying neurocognitive and genetic influences. One specific hypothesis that has 
been suggested is that the behavioural symptoms of individuals with ASD or ADHD 
would follow a graded severity in social communication, ranging from the least 
severe presentation in ADHD, to the most severe in ASD, i.e., the following pattern: 
ADHD < ASD+ADHD < ASD. A latent class analysis by van der Meer et al. (2012) 
on the parental reports of ADHD and ASD symptoms of a large sample of children 
allows differentiation of four types of “classes” of children, i.e., typically developing, 
children with pure ADHD, with dominant ADHD traits and secondary ASD traits, and 




with dominant ASD and secondary ADHD traits. Their symptoms support the 
gradient severity hypothesis, with the group with ADHD alone having the least 
overall impairments compared to those with co-occurring symptoms ASD and 
ADHD. However cognitive comparisons using a set of tasks assessing separate EF 
and social cognition domains also demonstrate specific deficits across classes (J. 
M. J. van der Meer et al., 2012). No pure ASD group was found in the study, 
however, which could pose a limitation to the findings. This might be due to the 
recruitment participants from a specialist ASD and ADHD clinic that could increase 
the comorbid cases, and also due to the participant ascertainment, which was 
based on statistical classification of parental ratings of symptoms, and not by clinical 
diagnosis. A further investigation into this hypothesis involving individuals with ASD, 
ADHD and ASD+ADHD diagnoses will thus be useful to explore its validity.  
Separate Disorders with Correlated Liability 
Like the symptomatic phenocopy model, this model rests on the fundamental 
assumption that the two disorders have separate risk factors and therefore also 
expresses a true comorbidity (Banaschewski et al., 2007). The co-occurrence of the 
disorders in this model is explained by shared, overlapping, or correlated risk 
factors. In line with this model, the co-occurring ASD and ADHD will produce a 
hybrid condition with combined impairments of the pure disorders. The impairment 
observed in the ASD+ADHD group is expected to follow an “additive” pattern (e.g., 
Sinzig, Morsch, Bruning, Schmidt, & Lehmkuhl, 2008; Tye, Asherson, et al., 2014). 
As a possible explanation for the co-occurrence of ASD and ADHD, this model 
receives the most support to date at least from specific cognitive domains. Findings 
from neurocognitive studies suggest that EF difficulties increase among individuals 
with ASD+ADHD compared to individuals with ASD alone (e.g., Adamo et al., 2014; 
Andersen, Hovik, Skogli, Egeland, & Øie, 2013; Buehler, Bachmann, Goyert, 
Heinzel-Gutenbrunner, & Kamp-Becker, 2011; Corbett, Constantine, Hendren, 




Rocke, & Ozonoff, 2009; Sinzig, Morsch, Bruning, et al., 2008; Yerys et al., 2009). 
Several studies using electrophysiological methodology also show patterns of 
additive impairments for the underlying electrophysiological marker, i.e., event-
related potential (ERP) that underpin attention, inhibition as well as gaze and face 
processing (Tye, Asherson, et al., 2014; Tye, Battaglia, et al., 2014; Tye et al., 
2013). These studies will be reviewed later in the relevant chapters.    
The Co-occurring Condition as a Third Distinct Disorder 
Finally, ASD+ADHD can also be a manifestation of a third independent disorder. In 
this case a phenotype of the ASD+ADHD arises from separate genotype from the 
pure group, resulting in distinct cognitive or neurobiological impairments compared 
to the pure ASD or ADHD form. Evidence for this comorbidity pattern exists. For 
instance, Tye et al.’s (2014) electrophysiology findings among individuals with 
ASD+ADHD suggest a mostly additive pathology of the pure groups in attention and 
inhibition. However, a closer examination into the ASD and the ASD+ADHD groups 
reveals disorder-specific mechanism in their stopping preparation. That is, 
individuals with ASD, but not ASD+ADHD, exhibited enhanced marker of stopping 
preparation, which is found associated with enhanced electrophysiological marker of 
inhibitory processes. These ASD-specific cognitive processes suggest a distinctive 
resource allocation for preparing to stop, which is lacking in the comorbid group and 
may indicate a separate genetic influence.  Another evidence of ASD+ADHD-
specific impairment was provided by a neuroimaging study by Chantiluke et al. 
(2014) that shows that neural impairments in the ASD+ADHD group does not follow 
an additive pathology or phenocopy of the pure groups during a temporal reward 
discounting. The ASD+ADHD group display the weakest brain-behaviour 
association in brain regions associated with reward and decision making, i.e., 
vmPFC, ACC, and ventral striatum, as well as severe abnormalities in the inferior 




and superior frontal areas and the temporal lobe, compared to the pure groups. This 
suggests that they may have a different underlying neuropathology.  
 
 The Aims of This Thesis 
The overarching aim of this thesis is to explore further evidence that will shed 
additional light on the mechanisms underlying the co-occurrence of ASD and 
ADHD. Advancing further from the current literature, this study involves behavioural, 
neurocognitive and neuroimaging data. Several data sources were used in this 
investigation, ranging from a dataset of a population-based sample of adolescents 
with ASD previously collected from the Special Needs and Autism Project (SNAP), 
the neuroimaging data of ASD and ADHD related impairment that are already 
published in the literature, and three sets of newly collected data of neurocognitive 
performance and neuroimaging data from convenience samples of young adults 
meeting the criteria of ASD, ADHD and ASD+ADHD. The latter datasets are 
important since the co-occurring symptoms of ASD and ADHD change over the 
lifespan (Hartman, Geurts, Franke, Buitelaar, & Rommelse, 2016; Taurines et al., 
2010). Since few studies compare adults with ASD, ADHD, and ASD+ADHD, the 
findings from last three datasets will contribute to the understanding of comorbidity 
patterns of ASD and ADHD in adulthood. 
This thesis examines several research questions: (1) Are ADHD symptoms 
in ASD associated with the heterogeneous EF impairments, if so how? (2) How do 
groups of individuals with ASD, ADHD and ASD+ADHD compare in separate 
neurocognitive subdomains of EF and SC? (3) How do people with “pure” ASD and 
ADHD compare in their brain structures and functions? (4) How do the neural 
correlates of response inhibition in people with ASD, ADHD, and ASD+ADHD 
compare? (5) How do the neural correlates of timing in people with ASD, ADHD, 




and ASD+ADHD compare? Ultimately, (6) what comorbidity models fit the findings 
of these studies?   
 Are ADHD Symptoms Associated with EF Impairments in ASD? 
EF is a candidate endophenotype for both ASD and ADHD. Its association with 
ADHD is much more consistent than with ASD, however. One possible reason for 
the inconsistent finding among individuals with ASD is that it is associated with the 
co-occurring ADHD symptoms (Geurts et al., 2009; J. M. J. van der Meer et al., 
2012). In Chapter 2, I will explore the relationships among EF and ToM deficits and 
ASD and ADHD symptoms in a population-based sample of 100 adolescents with 
ASD using structural equation modelling (SEM). The study explores whether ASD 
and ADHD symptoms among adolescents with ASD share neurocognitive bases in 
the domains of EF and ToM. The data used in this study were collected from the 
earlier waves of the SNAP study (Baird et al., 2006; Simonoff et al., 2008). 
 How Do Groups of Individuals with ASD, ADHD and ASD+ADHD Compare 
in Separate Neurocognitive Subdomains of EF and SC?  
The constructs of EF and SC are thought to be the common factors underlying 
separate neurocognitive functions, such as response inhibition, sustained attention, 
visuospatial working memory, cognitive flexibility, temporal reward discounting, and 
ToM and emotion recognition (Bulgarelli, Testa, & Molina, 2015; Friedman et al., 
2015; Miyake & Friedman, 2012). Exploring the performance of these 
neurocognitive tasks as separate cognitive subdomains is as important as exploring 
the underlying common factors across groups, however, because each cognitive 
subdomain may depend on the underlying EF ability as well as other subdomain 
specific cognitive processes. In Chapter 3, I present new data from a study of young 
adult males with diagnoses of ASD, ADHD, and ASD+ADHD recruited from the 
SNAP cohort, local communities, support organisations, and specialist clinics 




compared to a group of typically developing young adults. Performance of 
subdomains of EF and SC as mentioned above were contrasted in four-way 
comparisons.  
 How Do People with “Pure” ASD and ADHD Compare in Their Brain 
Structures and Functions? 
Investigations based on neurocognitive performance alone are insufficient for 
characterising the similarities or differences between disorders such as ASD and 
ADHD. Multiple underlying biological and cognitive processes lead to observable 
phenotypes (Viding & Blakemore, 2007); thus tapping the underlying neural 
correlates of the neurocognitive performance can be highly important. Chapter 4 
reports the findings of a comparative multimodal meta-analysis of voxel-wise 
functional MRI studies of inhibition function and structural MRI grey matter volume 
(GMV) abnormalities in ASD and ADHD. The aim of the study was to explore 
shared and disorder-specific neural underpinning of the two conditions. The study 
made use of published data on whole-brain functional BOLD activation impairments 
associated with inhibition function and whole-brain comparisons of voxel-based 
morphometry (VBM), i.e., voxel-wise comparisons of brain structure, in children and 
adults with ASD or ADHD relative to typically developing controls.  
 How Do the Neural Correlates of Response Inhibition in People with ASD, 
ADHD, and ASD+ADHD Compare? 
Deficits of performance on a stop-signal task are the most consistent cognitive 
symptom among children and adults with ADHD (Alderson et al., 2007; Lijffijt, 
Kenemans, Verbaten, & van Engeland, 2005; Lipszyc & Schachar, 2010; Willcutt et 
al., 2008). Therefore, the neural correlates underlying the performance of the stop-
signal task could be a useful index for assessing similarities and differences of the 
neural underpinning of response inhibition in people with ADHD and ASD, and 




those with dual diagnosis. In Chapter 5, I report findings from the newly collected 
sample described above including functional neuroimaging data of performance of a 
modified stop-signal task among young adults with ASD, ADHD, ASD+ADHD 
relative to typically developing controls. Performance of a stop-signal task depends 
on several cognitive functions including response inhibition, error-monitoring, and 
selective attention. The neural correlates of all these functions were compared 
across groups in a single study.   
 How Do the Neural Correlates of Interval Timing in People with ASD, 
ADHD, and ASD+ADHD Compare? 
Timing function is an established area of impairment among people with 
neurodevelopmental condition, especially in ADHD (Barkley, Murphy, & Bush, 2001; 
Falter & Noreika, 2011; Noreika et al., 2013). Difficulties in getting ready and turning 
up on time, estimating time to go somewhere, and difficulties in waiting are indices 
of the core behavioural symptoms in children and adults with ADHD, which could be 
related to the ability to perceive time and make temporal judgement. Behavioural 
studies also suggests disturbances of timing among individuals with ASD (Allman, 
DeLeon, & Wearden, 2011; Bhatara, Babikian, Laugeson, Tachdjian, & Sininger, 
2013; Falter, Noreika, Wearden, & Bailey, 2012; Maister & Plaisted-Grant, 2011; J. 
S. Martin, Poirier, & Bowler, 2010), although no fMRI studies of interval timing have 
taken place to examine the neural correlates of such deficits in the ASD population. 
Therefore, an fMRI study comparing individuals with ASD, ADHD, and ASD+ADHD 
would elucidate the underpinning of the ASD group, clarify the correlates of timing 
deficits in adults with ADHD, and ultimately be useful for assessing the 
neuropathology of ASD+ADHD group. In this study I used the duration 
discrimination task that has been previously used in studies in people with ADHD 
(Smith et al., 2011, 2013). 




 What Models of Comorbidity Suit the Co-occurrence of ASD and ADHD? 
Taking the results from Chapter 2 to 6 altogether, I discuss the findings in the 
context of the different models that may explain the co-occurrence of ASD and 
ADHD as a general discussion in Chapter 7. In this chapter I summarise each study 
and its findings briefly. I then discuss these results from the perspective of the 
comorbidity models outlined in the present Chapter. The strengths and limitations of 
the present study are briefly discussed again in the context of the comorbidity model 
and finally the implications of the findings and future research directions are 
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 Study I: Modelling the Neurocognitive Functions and 
ASD and ADHD Symptoms in Adolescents with ASD 
 
 Introduction 
Children with ASD often meet the diagnostic criteria for ADHD. The rate of ADHD is 
approximately 30-60% in community samples of children with ASD (Gjevik et al., 
2011; Leyfer et al., 2006; Salazar et al., 2015; Simonoff et al., 2008) compared to 5-
7% for ADHD in the general population (Polanczyk et al., 2014; Willcutt, 2012). Both 
ASD and ADHD have been linked to deficits in EF and ToM (see e.g., Bora & 
Pantelis, 2015; Willcutt, Sonuga-Barke, Nigg, & Sergeant, 2008); thus, a cognitive 
model of ASD and ADHD symptoms might be useful for elucidating the mechanisms 
that underlie the co-occurrence of the two conditions. While the broad overlap of EF 
and ToM deficits between the two conditions are evident in the literature; these 
findings are limited by the fact that many studies in ASD or ADHD, especially those 
conducted prior to the DSM-5, often did not account for symptoms of the other 
disorder (J. M. J. van der Meer et al., 2012). For this reason, an investigation of the 
cognitive basis for ASD and ADHD symptoms in individuals with ASD, which takes 
account of the relationships between the cognitive domains and the two sets of 
symptoms, is an important step towards understanding the mechanisms underlying 
the occurrence of ADHD symptoms in ASD.  
 Cognitive Deficits in ASD 
ToM is the ability to attribute and infer mental states of others, e.g., beliefs, 
intentions, or emotions (Baron-Cohen et al., 1985). ToM ability is thought to be a 
specific aspect of broader social cognition, which includes social perception and 
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attribution and emotion processing, among others (Adolphs, 1999; Green et al., 
2008). Failures in ToM have been shown among 80% children with autism, as 
opposed to 15% children with Down’s syndrome, in a landmark study using a simple 
false-belief test that required the children to take the perspective of a story character 
(Baron-Cohen et al., 1985). As children with a mental age of approximately 6 years 
pass this test (Baron-Cohen, Jolliffe, Mortimore, & Robertson, 1997), other tasks 
such as the “strange-stories task” (Happé, 1994), which require decoding of more 
complex mental states such as double bluff and persuasion, have been used in 
older children or adults with ASD. Also employed for studies of ToM in adults is the 
“reading the mind in the eyes” task (Baron-Cohen et al., 1997), which requires 
inference of others’ mental state from pairs of eyes. Studies using these tasks have 
consistently shown that individuals with ASD have difficulties in ToM (Brent et al., 
2004; Kaland et al., 2008; Spek et al., 2010; S. J. White et al., 2011). Although poor 
ToM ability is also associated with intellectual disability, which in turn often co-
occurs in individuals with ASD (Centers for Disease Control and Prevention, 2014; 
Charman et al., 2011; Postorino et al., 2016); the findings suggest that IQ variation 
only partially accounts for ToM performance among people with ASD (Dyck, 
Ferguson, & Shochet, 2001; Yirmiya et al., 1998). Finally, ToM deficits among 
children with ASD have also been found to correlate with social interaction and 
communication difficulties (Frith, Happé, & Siddons, 1994; Nagar Shimoni, 
Weizman, Yoran, & Raviv, 2012; San José Cáceres, Keren, Booth, & Happé, 2014). 
Executive dysfunction is also observed among individuals with ASD (E. L. 
Hill, 2004; Ozonoff, Pennington, & Rogers, 1991; J. Russell, 1997). EF enables 
goal-directed behaviour and self-control (Banich, 2009; Jurado & Rosselli, 2007). As 
a construct, the ability of EF is not directly measurable, although it underlies a 
variety of cognitive functions, including prepotent response inhibition, cognitive 
interference, working memory and cognitive flexibility, among others. EF ability is 
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typically inferred from performance of tasks that assess these subdomain functions 
(Friedman et al., 2015; Miyake & Friedman, 2012). Poor cognitive performance 
among individuals with ASD as assessed on tasks for inhibitory function (see meta-
analyses by Geurts, van den Bergh, & Ruzzano, 2014; Kuiper, Verhoeven, & 
Geurts, 2016) and cognitive flexibility (reviewed in Geurts et al., 2009; Landry & Al-
Taie, 2016), as well as planning (see e.g., Booth, Charlton, Hughes, & Happé, 2003; 
Van Eylen, Boets, Steyaert, Wagemans, & Noens, 2015; Williams & Jarrold, 2013) 
and visuospatial working memory (reviewed in Barendse et al., 2013; see also Fried 
et al., 2016; Merchán-Naranjo et al., 2016), can thus indicate an underlying EF 
impairment among people with ASD.  However, findings across studies are highly 
heterogeneous and it is not fully clear what factors lead to the mixed findings among 
individuals with ASD. 
Further, it is unclear how EF might explain the core ASD symptoms. EF is 
thought to be vital for the initiation and maintenance of social interactions (Brunsdon 
& Happé, 2014) and, in the context of inhibition, for suppressing inappropriate social 
behaviour (Geurts, van den Bergh, et al., 2014). Several studies have demonstrated 
the associations between EF deficits and social interaction or communication 
problems although such studies are rare in the literature (Ames & White, 2011; 
Joseph & Tager–Flusberg, 2004; Kenworthy, Black, Harrison, della Rosa, & 
Wallace, 2009; Pellicano, 2013). Joseph & Tager-Flusberg (2004) found for 
instance that planning difficulties, over and above ToM, predicted communication 
symptoms in a community sample of school-aged children with ASD. Further, based 
on archival data of nearly 90 children with ASD, Kenworthy et al. (2009) found that 
divided attention performance, was associated with socialisation symptoms, 
independently from category fluency and after controlling for age. Reduced 
inhibitory ability has also been found among children with ASD with greater social 
interaction impairment (Ames & White, 2011). Finally, a longitudinal study following 
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up children aged 4-7 years found that better EF, and not ToM skills, predicted fewer 
socio-communicative difficulties three years later (Pellicano, 2013).  
Links between EF and another domain of ASD difficulties, i.e., stereotyped 
and repetitive behaviours are also observed. On a reversal learning task, where 
individuals are taught to associate a stimulus location with the probability of winning 
a reward before this association is reversed without warning, D’Cruz et al. (2013) 
found that people with ASD were more likely to erroneously revert to a previous 
reward-behaviour association than controls, and their errors were correlated with 
restricted and repetitive behaviour. Reed et al. (2013) extended these findings by 
showing that perseverative errors on a card sort adapted for low functioning 
children, were correlated with stereotyped behaviours among children with low-
functioning autism. Further, using a variant of the switch task, Mostert-Kerckhoffs et 
al. (2015) showed that the switch cost accuracy among children and young adults 
with ASD and also predicted their ADOS repetitive behaviour scores (see also 
Lopez, Lincoln, Ozonoff, & Lai, 2005; Yerys et al., 2009). 
 Are EF and ToM Deficits Associated with ADHD Symptoms in ASD? 
Several explanations have been offered for the mixed findings of EF deficits among 
individuals with ASD. As S. J. White (2013) suggested, rather than considering task 
performance in relation to EF failures, the inconsistent EF performance among 
children with ASD could be a by-product of poor mentalising instead. That is, the 
lack of spontaneous ability to infer an experimenter’s mental state, could lead to 
poor awareness of the task’s implicit instructions. This could then moderate EF 
performance, especially during tasks with open-ended instructions such as the card 
sort task, but may also occur when arbitrary task rules are imposed on the 
participants such as in response inhibition tasks (S. J. White, 2013). Task 
performance might also be moderated by stress or arousal, induced by task 
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parameters such as rates of stimulus presentation or stimulus characteristics 
(Kuiper et al., 2016). However most importantly, EF performance variability among 
individuals with ASD might be associated with additional psychiatric problem such 
as ADHD symptoms in the population (Corbett, Constantine, et al., 2009; Geurts et 
al., 2009; J. M. J. van der Meer et al., 2012). 
How would EF be associated with ADHD symptoms in ASD? In an early 
study, Corbett et al. (2009) found inhibitory impairments among children with ASD 
or ADHD relative to controls; however, when those with additional ADHD were 
excluded from the analysis, this significance association fell to trend level only, 
indicating a specific relationship between ADHD symptoms and inhibition deficits 
among children with ASD (Corbett, Constantine, et al., 2009). Another study 
involving individuals with ASD+ADHD and pure ADHD and ASD groups reported 
comparable impairments of inhibition the first two groups (Buehler et al., 2011). 
Other studies have reported greater number of omission errors on the Go/No-Go 
(GNG) task, believed to be an attentional index and visuospatial or verbal working 
memory in the  ASD+ADHD relative to the ASD group (Andersen et al., 2013; 
Sinzig, Morsch, Bruning, et al., 2008; Yerys et al., 2009). Note also that among 
several studies reporting EF impairments in individuals with ASD relative to those 
with ADHD, some included a substantial proportion of individuals with high ADHD 
traits or even diagnoses among the ASD group (Fried et al., 2016; Geurts, Verte, 
Oosterlaan, Roeyers, & Sergeant, 2004; Johnson et al., 2007). Overall, there is 
sufficient evidence to suggest that EF deficits among individuals with ASD could be 
associated with increased ADHD symptoms in this population (more extensive 
reviews are provided in Chapter 3). 
EF deficits may not be the only explanation for ADHD symptoms in ASD. 
Deficits in EF and ToM are often correlated in ASD (Ames & White, 2011; Harris et 
al., 2008; Joseph & Tager–Flusberg, 2004; Ozonoff et al., 1991). It is generally 
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believed that EF and ToM are developmentally related (S. E. Miller & Marcovitch, 
2012; Perner & Lang, 1999; J. Russell, 1997). In one model, ToM was thought of as 
a prerequisite for EF (Perner & Lang, 1999), and in an alternative model EF was a 
precursor for ToM instead (C. Hughes, 1998; J. Russell, 1997). Perner (1999) 
believed that a successful undertaking of the false-belief task and inhibitory tasks 
rested on a “common mental factor”, i.e., an awareness of the need to overcome 
prepotent wrong responses and an understanding that internal mental states could 
influence goal-directed actions (Perner & Lang, 1999). J. Russell (1997) argued 
instead that executive controls especially inhibition and working memory are needed 
for ToM task performance. The latter perspective was supported by studies that 
have shown a predictive relationship between earlier EF performance and later 
success on ToM tasks. For instance, Hughes (1998) showed that inhibition task 
performance among 4-year old typically developing children predicted false-belief 
performance a year later, irrespective of verbal ability and baseline ToM task 
performance, while the opposite relationship was non-significant. Among 3-year-old 
typically developing toddlers, Flynn et al. (2004) also observed that most children 
performed inhibition tasks well if they were able to correctly perform a false-belief 
test. Importantly, Pellicano (2007, 2010) showed that the development of EF among 
children with ASD as young as 4 years old predicted ToM ability 3 years later 
suggesting similar developmental pattern of EF and ToM for children with and 
without ASD. Therefore, a link between ToM deficits and ADHD symptoms, whether 
it is mediated or unmediated by EF deficits might exist, and must also be 
considered.  
 The Aims of This Study 
This study aimed to model the relationship among deficits in EF, and ToM, and 
symptoms of ASD and ADHD in a sample of adolescents with ASD, using a multi-
measure and multi-informant approach. Specifically, we explored the neurocognitive 
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correlates of ADHD symptoms in individual with ASD using an SEM approach. EF 
deficits were expected to be associated with ADHD and ASD symptoms, whereas 
ToM deficits were expected to be associated with ASD symptoms only. The study 
made use of already collected data from a well-characterised, population-based 
cohort of young people with ASD. To my knowledge this is the first attempt to model 




SNAP is a population-based cohort of people with ASD who were first ascertained 
and characterised at the age of 10-12 years (Wave 1; see Baird et al. [2006] for 
details). The children received ICD-10 research diagnoses of ASD as assessed 
using the ADI-R parental interview (Lord et al., 1994), ADOS-G (Lord et al., 2000) 
and measures of IQ, language, and adaptive behaviour. Of the original cohort, 100 
adolescents (n = 9 females) with a full-scale intelligent quotient (FSIQ) ≥ 50 
estimated using the Wechsler Intelligence Scale for Children (WISC-III-UK; 
Wechsler, 1992) were followed up at the age of 14-16 years (Wave 2) and were the 
subjects of this study. The latter research assessment was conducted in two 
sessions completed on average in 29 days (SD = 36 days; Range = 1-259 days) 
apart. The study was approved by the South-East London Research Ethics 
Committee (05/MRE01/67). Informed consent was given by the young people’s 
parents. 
 Measures  
Measures used in this study fall in the domains of ADHD and ASD symptoms, EF 
and ToM, and are described below. All measures were collected from the young 
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people or parent/teacher informants across Wave 1 and 2 of the SNAP 
investigations, when the young people were between 10 and 16 years of age. The 
measures and timing (Wave 1 or 2) are presented in Table 2-1.  
 Cognitive Measures 
Table 2-1: Measures, completers and wave of investigations 
Domains Measures Completed 
by 
Wave 
Cognitive WASI child 2 
ASD symptoms ADI-R parent 1 
ADOS-G child 1 
SRS parent 2 




PONS parent 2 
CAPAa parent 1 
EF  Card sorting task child 
 
2 





ToM Reading the mind in the eyes child 
 
2 




Note. Wave 1 investigation took place when the children were 10-12 years old whereas Wave 2 investigation took place when 
they were 14-16 years. aThe CAPA interviews were conducted with parents when the children were 10-14 years. List of 
abbreviations: WASI = Wechsler’s abbreviated scale of intelligence. ADI-R = Autism Diagnostic Interview-Revised, ADOS-G = 
Autism Diagnostic Observation Schedule-Generic, SRS = Social Responsiveness Scale, and SDQ = Strengths and Difficulties 
Questionnaire, PONS = Profile of Neuropsychiatric Symptoms, CAPA = Child and Adolescent Psychiatric Assessment 
Wechsler’s Abbreviated Scale of Intelligence (WASI) 
The WASI (Wechsler, 1999) was chosen as a brief but reliable measure of general 
intellectual ability. The scale consisted of four subtests, two each generating verbal 
and nonverbal IQ, and all contributing to an estimate of FSIQ.  
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 ASD measures 
ADI-R  
The ADI-R is a semi-structured interview for caregivers of individuals who may have 
ASD. Scores are given for each item by the interviewer according to the behaviour 
described by parents/carers about the children in their early development, at the 
age of four to five years and at the time of the interview (current). The composite 
score uses an algorithm with established cut-offs for the diagnosis of autism (Lord et 
al., 1994), according to the criteria set by the ICD-10 (WHO, 1992) and the DSM-IV 
(APA, 2013).  
ADOS-G  
The ADOS-G is a semi-structured observation-based assessment for individuals 
with possible ASD. The instrument consists of tasks or social presses which are 
designed to elicit social-communicative behaviours. It also includes questions to 
evaluate the individual’s understanding of social relationships and emotions. 
Responses and behaviours of the participants are coded on individual items that 
index characteristics of communication, social interaction and other behaviours 
relevant for ASD. The ADOS has established cut-offs for autism cases and other 
ASDs (Lord et al., 2000).  
SRS 
The SRS (Constantino, 2011) is a 65-item questionnaire for measuring reciprocal 
social behaviour, of which overall difficulties are represented by a standardised total 
score. The questionnaire also has normative scores for difficulties in the two autistic 
trait subdomains, i.e., social communication interaction and repetitive behaviour. 
The scores are moderately correlated with total scores of ADI-R and ADOS-G (r = 
0.48-0.59) and it differentiates children aged 9-13 years with special needs, with or 
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without ASD, with sensitivity and specificity of 78% and 67%, respectively (Charman 
et al., 2007). Raw parent-rated total scores about the young people were used as 
continuous measure of ASD symptoms in this study, where higher score indicated 
more symptoms.  
 ADHD Measures 
Strengths and Difficulties Questionnaires (SDQ) 
The SDQ (R. Goodman, Ford, Simmons, Gatward, & Meltzer, 2003) is a brief 
psychiatric screening questionnaire comprising 25 items in five domains for 
assessing emotional symptoms, conduct problems, hyperactivity/inattention (ADHD) 
symptoms, peer relationship problems and prosocial behaviour. The sensitivity of 
parent and teacher SDQs ratings for detecting children with hyperkinetic or ADHD 
symptoms in a sample of over 3200 children aged 11–15 years from the general 
population was 85% and 75%, depending on whether the ICD-10 or DSM-IV criteria 
for diagnosis was used (R. Goodman et al., 2003). Scores of the SDQ ADHD 
domain range from 0 – 10 with higher scores indicating higher symptoms. There are 
presently no ASD-specific psychometric evaluations of the SDQ. Although a recent 
study involving a large sample of birth cohort of nearly 20,000 children and over 170 
children with ADHD and over 200 children with ASD aged 6-8 years showed a 
sensitivity of 91% and specificity of 90% for the hyperactivity subscale for detecting 
ADHD, and a sensitivity and specificity of 79% and 93% using all the scales except 
peer relations for detecting ASD (G. Russell, Rodgers, & Ford, 2013). 
Profile of Neuropsychiatric Symptoms (PONS) 
The PONS (Santosh, Gringras, Baird, Fiori, & Sala, 2015) is 60-item measure of 
psychiatric symptoms in children and adolescents, with special application to those 
with developmental disorders. Items evaluate both the frequency and the impact of 
individual symptoms. There are six items concerning ADHD symptoms, divided into 
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symptom domains of attention, hyperactivity and impulsivity. Each domain asks 
about the symptom’s frequency (one item) and its impact on everyday functioning 
(one item) and each item is rated on a Likert scale (0-6). The sensitivity and 
specificity of the PONS was 92% and 91%, respectively, for screening children with 
neuro-developmental disability (ASD or ADHD) among 147 children aged 5-18 
years with neuropsychiatric disorders, including (n = 111) with ADHD, (n = 96) with 
ASD, (n = 59) with oppositional defiant disorder or conduct disorder, (n = 31) with 
bipolar or psychosis, (n = 80) with anxiety or depressive disorder, (n = 38) with 
developmental coordination disorder, (n = 36) with obsessive compulsive disorder 
and/or tics (the children may meet several psychiatric disorders); and over 900 
typically developing children from the general population. There are no ASD-specific 
psychometric evaluations of the PONS currently. An early version of the PONS was 
used in this study (Santosh, Baird, Pityaratstian, Tavare, & Gringras, 2006) where 
item scores ranged from 0 to 5, yielding a total score ranging from 0 to 30.   
Child and Adolescent Psychiatric Assessment (CAPA) 
The CAPA (Angold & Costello, 2000) is a semi-structured interview for children 
aged 9-18 years and their parents. For the parent, CAPA interview of clinically 
referred children has a 1-week test-retest intraclass correlation (ICC) was .82 for 
ADHD symptoms, .79 for hyperactivity symptoms and .77 for inattention respectively 
(Angold & Costello, 1995).  Although CAPA has not been used widely in the 
population of children with autism and their parents, the interview has been used 
with adolescents and adults with intellectual disability prior to the study (Baker & 
Skuse, 2005). The interview assesses the presence of psychiatric symptoms and 
disorders judged from behavioural descriptions of symptoms in the last 3 months, 
accompanied by onset and duration, to elicit information necessary for ICD-10 and 
DSM-IV diagnoses. The parent CAPA interview was used in the current study. The 
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hyperactivity section of the CAPA was used to derive DSM-IV symptoms of ADHD 
used in the present analyses.   
 EF Measures 
Card Sorting Task 
The card sorting task (Tregay, Gilmour, & Charman, 2009) is a child-friendly 
adaptation of the Wisconsin Card Sort Task (Grant & Berg, 1948). In this task, 
participants were introduced to three characters and were given a deck of 64 cards 
illustrating single objects varying in colour (red/blue; yellow/green; black/pink), 
shape (squares/hearts; stars/moons; and smiley faces/lightning) and size 
(small/large). At the start of the game, the participants were told that each character 
favoured some cards over others with a specific rule the participants must solve. 
The experimenter picked one card at a time and asked the participants if it was the 
character’s favourite card.  The experimenter gave feedback (i.e., “right” or “wrong”) 
for each answer provided by the participants, and then put the character’s favourite 
card face down on one pile and the disliked cards on another. After six consecutive 
correct sorts or after 20 sorts elapsed, another character was introduced to the 
participants and the sorting rule changed without explicit mention of a rule switch. 
The rules for the card sorting were counterbalanced and the participant’s decision 
on the first sort was always taken as the correct answer. Error scores were used to 
indicate deficits in cognitive flexibility. 
Luria Hand Game  
The Luria hand game (Luria, Pribram, & Homskaya, 1964) consists of three stages: 
a pre-test, a practice run and a test. In this game, the experimenter displayed two 
types of hand shape with their right hand, a fist or, alternatively, a finger-pointing 
shape. Participants responded with an identical or the alternate hand shape (i.e., by 
showing a fist when the experimenter showed a finger-pointing shape) depending 
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on the experimental block. In the pre-test, identical hand shape was required for six 
consecutive trials. In the practice run, the alternative hand shape was requested 
instead, and this trial stops after four consecutive correct responses. During the test, 
the experimenter showed a sequence of 15 trials of either hand shapes, and the 
participants were instructed to show the alternative hand shape in response. 
Between trials, the participants and experimenter hide their hands behind their back. 
The order of the sequence was fixed across participants. The number of correct 
responses on a first attempt indexed the inhibitory function ability. We used 
reversed scores in this study to operationalise inhibitory deficits. 
Trail Making Test 
Trail making (Reitan, 1958) is a measure of switching or cognitive flexibility. It is a 
pen-and-paper task that requires a participant to draw a path connecting circles 
labelled with numbers 1-25 and letters A-Y in a specific order. The experimenter 
administered this task in three blocks. In the first block, the participant was asked to 
join circles in numerical order (i.e., 1-2-3 and so on), then in alphabetical order (i.e., 
A-B-C and so on) for the second, and in alternating order of numbers and letters 
(i.e., 1-A-2-B-3- and so on) for the third. The difference between the time taken to 
complete the last and the first trials indexed switching ability and higher scores 
indicated poorer performance. 
Planning/drawing Task 
The planning/drawing task (R. Booth et al., 2003) consists of several blocks of copy-
drawing and “modification” drawing trials. In the first trial, the participants were given 
an illustration to copy fully. In the following trial the participants were required to do 
the same drawing with some additional features. For instance, in the first trial the 
participants were asked to copy a drawing of a snowman with an open mouth 
whereas in the second trial, they were asked to draw it again and with teeth in the 
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snowman’s mouth. To complete this task successfully, the participants must plan 
prior to the task, e.g., increasing the size of key parts such as the snowman’s 
mouth, to accommodate some teeth. Evidence of advance planning earned the 
participants the “allowance scores”, judged from the comparison between drawings 
from the copy-drawing and the modification-drawing trials (see R. Booth et al., 2003 
for scoring rules). Scores were reversed so that higher allowance scores indexed 
poorer planning corresponding to an EF deficit. 
Opposite Worlds  
This task is part of the Test of Everyday Attention for Children (TEA-Ch; Manly et 
al., 2001) and is a measure of inhibition. During this task, participants followed a trail 
consisting of the numbers “1” and “2” on a piece of paper and they were instructed 
to call out “one” or “two” as they passed each number. There were two task 
conditions, which were “same worlds” and “opposite worlds” to be completed twice 
each. In the same-world condition, the verbal call outs corresponded to the 
numbers, while in the opposite-world condition the call outs were reversed. The 
difference of RT to complete the opposite-world versus the same-world condition is 
a measure of inhibitory function, where a higher score indexed poorer performance. 
Numbers  
Numbers is a subtest of the Children’s Memory Scale (Cohen, 1997). In this task, 
the experimenter gave a sequence of one-digit numbers verbally to the participants 
at a rate of one number per second. The participants must then recall and repeat 
these sequences as accurately as possible. The experimenter started by giving two-
digit sequences, then adding one digit in the next trial either until the participants 
failed to repeat the correct sequences twice within the span, or until the maximum 
nine-digit sequences were completed. The task was then repeated, but now the 
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participants must repeat the digits in reversed order (digit spans ranging from 2-8). 
To capture EF difficulties, we used the reversed scores. 
 ToM measures 
Reading the Mind in the Eyes  
This task (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001) involves 28 
photos of the eye regions of various individuals in different social contexts. Each 
photo was presented with four choices of adjectives, one of which was consistent 
with the feelings reflected in the pair of eyes. Each correct answer was given a 
score of one thus the participants could earn a maximum score of 28. A reversed 
score was used to operationalise the ToM deficits. 
Penny Hiding Game 
The penny hiding game (Baron-Cohen, 1992) is a naturalistic and non-verbal 
deception task. In this task, the experimenter hid a penny in one fist with both hands 
obscured behind their back. The experimenter then presented both fists to the 
participants who had to guess where the penny was hidden. The game commenced 
with a training phase where the experimenter hid the penny six consecutive times 
from the participants. Then, the participant took his turn to hide the penny for the 
next six trials and deceive the experimenter. Error scores were given for failures to 
carry out the deception, for instance, if the participants failed to keep hands out of 
sight when hiding the penny, or told the experimenter where the penny was. These 
errors were systematically coded into five categories which were given a score 
each, resulting in a total score ranging from 0-30, where higher score reflected 
increased ToM difficulties.  
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Strange Stories Test 
The strange stories test (Happé, 1994) consists of several short stories depicting 
several complex interactions involving lies, double bluffs or persuasion. The stories 
were read to the participants and were also presented in written form with 
illustrations. Four stories involving ToM and two “physical” stories were included in 
this test. The scoring system described by Happé (1994) was used where a score 
zero was given to incorrect or “don’t know” responses and a score of two was given 
to children who gave fully and explicitly correct answers. The total score ranging 
from zero to eight from the four ToM items indexes ToM ability. Reversed score was 
used as indicator of ToM deficits. 
Frith-Happé Animated Triangle 
This animated task (Castelli et al., 2002) consists of six video clips depicting two 
triangles moving in a goal-directional manner (two clips) or in an interaction 
involving mental state attribution with one another (four clips). Participants were 
instructed to give verbal accounts of triangles action for each clip while being audio-
recorded by the experimenter.  The participants’ attributions of mental states 
towards the triangles were rated as the “intentionality scores”, ranging from zero to 
five, whereas the correct identification of the animation’s contents was rated as the 
“appropriateness scores”, ranging from zero to two, averaged across the number of 
clips (see details in Jones, Swettenham, et al., 2011). Seventy-two of 129 verbal 
descriptions (56%) were coded by two raters independently, where high intraclass 
correlations (.82-.98) were found, indicating good reliability. The sum of average 
intentionality and appropriateness scores for each scenario were used in this study 
as measure of ToM ability. Scores were reversed to index ToM deficits. 
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Combined False-Belief Story 
This task (“The Chocolate Story”) was developed by Rhonda Booth (Institute of 
Psychiatry, London) and was based on previous first-order and second-order false 
belief tasks (Baron-Cohen, 1989; Bowler, 1992). During the task, the experimenter 
presented a story with an accompanying cartoon to the participants. In the story 
Mary and John hid some chocolate in a fridge together, but John then removed the 
chocolate in Mary’s absence. The experimenter asked the participants where they 
think Mary would look for the chocolate, followed by a “justification question” where 
the experimenter asked why Mary looked for the chocolate there, and a “control 
question” asking where John hid the chocolate. In the second part of the task, the 
experimenter added that Mary had in fact watched John removed the chocolate into 
the bag although John did not see her watching. In the same manner as the first 
part of the test, the participants were asked questions about where John thought 
Mary would look for the chocolate followed by a justification and control questions. A 
maximum score of five were given in the first part and a maximum score of three 
was given in the second part. Scores were reversed so that higher scores indicated 
poorer ToM ability.  
 Analytical Plan 
Data preparation and descriptive analyses were undertaken in STATA 11 
(StataCorp, 2009). Raw scores for each measure were visually inspected to verify 
that they were correlated in the same directions, that is, higher scores indicated 
more neurocognitive impairments and higher level of symptoms. Box-Cox 
transformations were used to normalise skewed data (see Table 2-2). Structural 
equation modelling (SEM) was used to model the relationship among the latent, 
underlying factors of EF and ToM deficits, and ASD, and ADHD symptoms. The 
analysis was divided into four steps. In Step 1, the structure of the latent factors for 
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EF and ToM were investigated using an exploratory factor analysis (EFA) with all 
indicators entered, employing Geomin rotation and contrasting one and two-factor 
structure. An EFA was thought more suitable than a confirmatory factor analysis for 
two reasons: (a) the factor structures of the cognitive domains indexed by EF and 
ToM measures were not fully clear as the two cognitive domains were usually 
explored separately (see e.g., Bulgarelli et al., 2015; Friedman et al., 2015) and (b) 
individual neurocognitive measures are known not to be “process pure” and are 
likely to involve both domains of cognitive function (Brunsdon & Happé, 2014, p. 
18). The model fit between one- and two-factor structure models was evaluated 
using χ2 statistics. A two-factor structure fit the EF and ToM factors better and was 
chosen. To improve the “purity” of the factors, indicators that cross-loaded, i.e., 
significantly loaded to both the EF and ToM factors, or to the factor expected a 
priori, and those or with factor loadings ≤ 0.4 were excluded.   
In Step 2, the first SEM model (Model 1) was built to assess the 
relationships among the neurocognitive (ToM and EF) and behavioural (ASD and 
ADHD) latent factors. The data were modelled with the cognitive factors, EF and 
ToM, predicting the symptom domain factors (see Figure 2-1A, p. 88) because a 
model with reciprocal paths in both directions was likely not identified. However, the 
aim was not to test the strong hypothesis that cognitive factors causally underpin 
symptom domains, but rather to understand better the pattern of relationships 
between the cognitive and behavioural constructs. EF and ToM latent factors were 
allowed to correlate to take into account the known relationship between the two 
factors (Joseph & Tager–Flusberg, 2004; Ozonoff et al., 1991; Pellicano, 2007; 
Perner & Lang, 1999). For the same reason, ASD and ADHD latent factors were 
permitted to correlate in the model (see e.g., Ames & White, 2011; Holtmann et al., 
2007; Sprenger et al., 2013; Tureck, Matson, Cervantes, & Turygin, 2013; Yerys et 
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al., 2009). The EFA and SEM modelling was conducted in Mplus (Muthén & 
Muthén, 2000).   
 Table 2-2: Descriptive statistics of measures used in this study 
  Mean (SD) Range 
IQ measures   
 FSIQ  84.3 (18.0) 50 – 119 
 VIQ  80.8 (18.0) 55 – 120 
 PIQ  90.4 (18.6) 53 – 126 
EF indicators   
 Card sort task (98/100)a 7.2 (6.6) 1 – 36 
 Luria hand game (97/100)a, b 12.2 (3.3) 0 – 15 
 Trail making (88/100)a, c  63.4 (44.0) 13.4 – 257.1 
 Planning/drawing (98/100)a, b 3.6 (1.7) 0 – 6 
 Opposite worlds (98/100)a, b 8.4 (7.5) -3.7 – 47.4 
 Numbers (99/100)a, b 4.7 (2.5) 0 – 12 
ToM indicators   
 RME (94/100)b 17.0 (4.4) 6 – 25 
 Penny hiding gameb 2.3 (2.7)  0 – 14 
 Strange stories (88/100)b 3.4 (2.1) 0 – 8 
 Animated triangle (98/100)a, b 3.5 (1.3)   0 – 6.5 
 False belief (99/100)b 3.3 (1.7) 0 – 5 
ADHD symptom indicators   
 Parent SDQ hyperactivity(93/100)a 5.8 (2.5)          0 – 10 
 Teacher SDQ hyperactivity (80/100) 5.7 (2.3) 1 – 10 
 Parent PONS ADHD (89/100)a 10.7 (6.6)           0 – 27 
 DSM-IV ADHD symptoms (73/100) 6.0 (3.6) 0 – 14 
ASD symptom indicators   
 Parent SRS total raw score (92/100)c 92.5 (29.3) 21 – 153 
 ADI-R total (90/100) 21.6 (7.8) 7 – 41 
 ADOS total (90/100) 11.8 (6.2) 1 – 27 
Notes. Descriptive statistics reported here are based on raw (non-transformed) data. IQ measures were taken from all 
participants. The numbers of measure completers are denoted in parentheses after each measure. Abbreviations FSIQ = Full-
scale IQ, RME = Reading the Mind in the Eye Tasks, SDQ = Strengths and Difficulties Questionnaire, PONS = Profile of 
Neuropsychiatric Symptoms, SRS = Social Responsiveness Scale, ADI-R = Autism Diagnostic Interview-Revised, ADOS = 
Autism Diagnostic Observation Schedule. Indices a = Box-Cox transformed, b = reverse score, and c = scores rescaled to 
conform to the dimension of variances of other measures during the formation of latent factors. 
In Step 3, an additional step to improve the fit of the initial model in Step 2 
was introduced by adding a latent factor representing a parental-reporting effect to 
account for shared informant influences (Model 2). The parental-reporting factor 
was indexed by all measures of ADHD and ASD symptoms reported by parents and 
hence excluded the ADOS and the teacher SDQ report. Furthermore, to assess the 
specificity of relationships between the cognitive deficits and behavioural symptoms, 
I compared Model 2 against alternative models (Model 3 & 4). Model 3 retained all 
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paths between cognitive deficits and the behavioural symptoms in Model 2 but held 
the coefficients fixed to ones, thus expressing non-specific relationships between 
the predictors and outcomes. Model 4 explored alternative relationships where the 
paths from EF to ASD and from ToM to ADHD remained but the counterpart paths 
from each cognitive domain to behaviour were dropped. As a final consideration, I 
investigated in Step 5 whether accounting for the covariance between FSIQ and EF 
or ToM performance would change the relationships among the variables. In this 
model (Model 5), FSIQ was included within the model, upon which the EF and ToM 
factors were regressed on.  
For each model, maximum-likelihood (ML) estimation was implemented and 
model fit was evaluated using the comparative fit index (CFI) and the Tucker-Lewis 
Index (TLI; acceptable fit for both indices ≥ .90, Bentler & Bonett [1980]), the root 
mean square error of approximation (RMSEA; acceptable fit ≤ .08, Browne & 
Cudeck [1993]) for nested models, while the Bayesian Information Criterion (BIC) 
and the Akaike Information Criterion (AIC) were used to help evaluate non-nested 
model with the same manifest variables. Each model was compared against nested 
models where non-significant pathways were left out to yield more parsimonious 
models.  
 Results 
 Descriptive Statistics 
The mean age of participants was 15.5 years (SD = 0.5 years; range = 14.7 – 16.8 
years), with mean FSIQ of 84.3 (SD = 18.0; range = 50 – 119). Descriptive statistics 








Table 2-3: Bivariate correlations among neurocognitive and symptom measures 
 EF measures ToM measures ADHD measures 
ASD 
measures 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Card sort task (1) -                 
Luria hand game (2) .28** -                
Trail-making (3) .36***   .26* -               
Opposite worlds (4) .31** .17 .38***   -              
Numbers (5) .51***   .35*** .47*** .37*** -             
Planning/drawing (6) .36*** .20† .17 .18† .17† -            
Animated triangle (7) .34** .12 .05 .16  .26* .05 -           
Penny hiding game (8) .27** .45*** .17 .26* .30** .14 .40*** -          
RME (9) .22* .39*** .25* .21* .39*** .06 .41*** .47*** -         
Strange stories (10) .29** .22* .18 .23* .37*** .25* .22* .29** .29** -        
False belief (11) .62*** .46*** .32** .32** .45*** .27** .36*** .52*** .41*** .43*** -       
pPONS ADHD (12) .16 .10 .21† .23* .26* .21† .09 .24* .11 .01 .03 -      
pDSM ADHD (13) .27* .16 .20 .19 .25* .30** .02 .10 .09 .09 .13 .55*** -     
pSDQ ADHD (14) .17 .22* .31** .21* .28** .14 .13 .19† .25* .08 .08 .56*** .46*** -    
tSDQ ADHD (15) .21† .28* .13 .12 .32** .08 .02 .29** .08 -.18 .15 .40*** .50*** .40*** -   
pADI-R (16) .20† .16 -.01 -.04 .05 .17 .25* .30** -.00 .11 .27* .25* .35** .20† .20† -  
ADOS (17) .13 .29** .06 .01 .11 .17 .36** .45*** .32** .30** .33** -.02 -.17 -.06 .08 .33** - 
pSRS (18) .17 .28** .27* .14 .18 .12 .17 .25* .29** .20† .20† .52*** .36** .38*** .05 .44*** .16 
Notes Abbreviations of neurocognitive measures EF=Executive Function, ToM=Theory of Mind, RME=Reading the Mind in the Eye Tasks. Abbreviations for ASD or ADHD measures: ADOS =Autism Diagnostic 
Observation Schedule Total Score, ADI-R=Autism Diagnostic Interview-Revised, SRS=Social Responsiveness Scale, DSM ADHD = Diagnostic and Statistical Manual of Mental Disorders ADHD symptom numbers, 
SDQ ADHD=Strengths and Difficulties Questionnaire ADHD domain, PONS ADHD =Profile of Neuropsychiatric Symptoms ADHD domain.  The prefix p on the measures indicates parent reports whereas the prefix t 
indicates a teacher report. Significant levels † p < .1, * p < .05, ** p <.01, and *** p < .001.  
 
 
Modelling the Neurocognitive Functions and Symptoms 
 86 
 
 Model Fitting 
Bivariate correlations among the neurocognitive tasks and symptom measures are 
presented in Table 2-3. Significant correlations among the neurocognitive tasks 
ranged from .21 to .62. Correlations among ASD and ADHD symptoms ranged from 
.25 to .56 and correlations between the tasks and ASD or ADHD symptoms ranged 
from .21 to .45; all uncorrected for multiple comparisons. 







EF ToM  EF ToM 
Card sort task .74* .00  .57* .15 
Trail making    .73* -.09  .81* -.12 
Opposite worlds           .49* .02  .54* .03 
Luria hand gamea       .21 .43*  -- -- 
Numbers .68* .03  .70* .00 
Planning/drawing      .45* -.07  .35* .06 
Animated triangles        .01 .77*  -.01 .93* 
Penny hiding game         -.10 .85*  .10 .65* 
RME       .10 .60*  .24 .50* 
Strange storiesa        .40* .24  -- -- 
False beliefa        .49* .40*  -- -- 
Notes. a Measures which cross loaded on factors expected a priori. We excluded these measures from the final 
model to increases the independence of the predictors. Abbreviation: RME = Reading the Mind in the Eyes Task. 
 
 Step 1: EFA 
The EFA of the ToM and EF indicators showed that they better fitted a two-factor, 
χ2(34) = 41.3, p = .18; CFI = .97; TLI = .96; RMSEA = .05, than a one-factor model, 
χ2(44) = 73.8, p = .003; CFI = .89; TLI = .86; RMSEA = .08; Δχ2(10) = 32.5, p < .001. 
The geomin factor correlation between ToM and EF was significant, r =.61, p < .05. 
The factor loadings for the indicators of each latent factor are listed in Table 2-4. 
Several tasks showed cross-loadings with respect to the a priori expected loadings 
on ToM and EF; The Luria hand game cross-loaded on the ToM factor (factor 
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loading = .43) and similarly the False Belief and Strange Stories tasks cross-loaded 
on the EF factor (factor loadings = .49 and .40, respectively).  Because these 
measures were less ‘pure’ in the present sample, they were excluded as indicators 
in the SEM model. The model of the predictors with no cross-loading indicators still 
fit well to a 2-factor model, χ2(13) = 15.2, p = .30; CFI = .99; TLI = .97; RMSEA = 
.04. Removing these indicators did not change the model fit significantly, Δχ2(24) = 
26.1, p =.20, but the correlation between factors was reduced from .61 to .45.   
 Step 2: The Relationships among EF, ToM, and ASD and ADHD 
Symptoms (Model 1) 
The fit of Model 1 as shown in Figure 2-1A approached an acceptable fit threshold, 
χ2(84) = 131.8, p = .001; CFI =.86; TLI =.82; RMSEA = .075; AIC = 6078.1; BIC = 
6210.9. Non-significant paths between EF and ASD (standard coefficient = -.02, p = 
.09) and between ToM and ADHD (standard coefficient = .03, p = .88) were 
identified and removed. The model did not significantly, Δχ2(2) = .1, p = .95, alter the 
previous fit, χ2 (86) = 131.9, p = .001; CFI =.86; TLI =.84; RMSEA = .07; AIC = 
6074.1; BIC = 6074.1, rendering it the more parsimonious of the two models 
considered. The model fit was below the threshold of acceptability, however the 
model suggested that individual differences in EF were associated with the latent 
ADHD factor (standard coefficient = .46, p < .001), while variations in ToM 
performance were associated with the latent ASD factor (standard coefficient = .60, 
p < .001). There were significant correlations between the EF and ToM factors 
(standard coefficient = .58, p < .001) and between the ASD and ADHD factors 
(standard coefficient = .63, p < .001).  
 
 




Figure 2-1: SEM Model 1 
A. Model with non-significant pathways included 
 
B.  Model with non-significant pathways set to zero 
 
Note. Figures show the Model 1A with non-significant pathways shown in dotted pathways and Model 1B after setting the non-
significant pathways to zero to obtain a more parsimonious model. List of abbreviations CST=card sort task, TMT= Trail-Making Test, 
OW= Opposite Worlds, NB = Number Backward, PD = planning drawing task, AT = animated triangle, PHG = penny hiding games, 
RME=Reading the Mind in the Eye tasks, EF=executive function, ToM=theory of mind. Abbreviations for ASD or ADHD measures: 
ADOS =Autism Diagnostic Observation Schedule, ADI-R=Autism Diagnostic Interview-Revised, SRS=Social Responsiveness Scale, 
DSM = Diagnostic and Statistical Manual of Mental Disorders, SDQ=Strengths and Difficulties Questionnaire, PONS=Profile of 
Neuropsychiatric Symptoms.  The prefix p on these behavioral measures indicates parent-based reports whereas the prefix t on the 
SDQ indicates a teacher-based report. Adding the latent factor Parent isolates the parental-reporting effect resulting in increased 
loadings of ADOS on the ASD factor and tSDQ ADHD on the ADHD factor, and reduces the correlation between ASD and ADHD 








Figure 2-2: SEM Model 2 
A. Model with non-significant pathways included 
 
B.  Model with non-significant pathways set to zero 
 
Note.  Model 2 includes a latent factor controlling the shared sources of information from parents on ADHD and ASD symptoms. 
Adding the parent latent factor appeared to diminish the correlation between ADHD and ASD symptoms previously observed in Model 
1 to a non-significant level. Non-significant pathways were included in Model 2A, shown in dotted pathways, whereas Model 2B 
present the model after setting the non-significant pathways to zero to obtain a more parsimonious model. List of abbreviations 
CST=card sort task, TMT= Trail-Making Test, OW= Opposite Worlds, NB = Number Backward, PD = planning drawing task, AT = 
animated triangle, PHG = penny hiding games, RME=Reading the Mind in the Eye tasks, EF=executive function, ToM=theory of mind. 
Abbreviations for ASD or ADHD measures: ADOS =Autism Diagnostic Observation Schedule, ADI-R=Autism Diagnostic Interview-
Revised, SRS=Social Responsiveness Scale, DSM = Diagnostic and Statistical Manual of Mental Disorders, SDQ=Strengths and 
Difficulties Questionnaire, PONS=Profile of Neuropsychiatric Symptoms.  The prefix p on these behavioral measures indicates parent-
based reports whereas the prefix t on the SDQ indicates a teacher-based report. Adding the latent factor Parent isolates the parental-
reporting effect resulting in increased loadings of ADOS on the ASD factor and tSDQ ADHD on the ADHD factor, and reduces the 
correlation between ASD and ADHD symptoms to non-significance. The significant levels * p < .05, ** p <.01, and *** p < .001. 
 
 Step 3: Adding Parental Latent Factor (Model 2) 
To account for shared sources of information, a parental-reporting factor was added 
to the Model 1 (see Figure 2-2A).  The fit of Model 2 met the threshold of 




acceptability, χ2(79) = 99.2, p = .06; CFI =.94; TLI =.92; RMSEA = .05; AIC = 
6055.5; BIC = 6201.3, and retained the specific relationships between EF and 
ADHD symptoms (standard coefficient = .40, p = .028) and ToM and ASD 
symptoms (standard coefficient = .91, p < .001). The correlation between ASD and 
ADHD was no longer significant (standard coefficient = -.12, p = .68), reflecting that 
the overlap in the symptom ratings was accounted for by shared variance in the 
parent rating factor. Removing non-significant paths between EF and ASD, between 
ToM and ADHD, and between ASD and ADHD did not change the model fit 
significantly, Δχ2(3) = 2.8, p = .43. The final model fit was acceptable, χ2(82) = 
102.0, p = .07; CFI =.94; TLI =.93; RMSEA = .049; AIC = 6052.2; BIC = 6190.3. In 
this model, EF deficits were associated with increased ADHD symptoms (standard 
coefficient = .47, p < .001), ToM deficits were associated with ASD symptoms 
(standard coefficient = .73, p < .001), and EF and ToM were significantly correlated 
(standard coefficient = .56, p < .001).  
 Step 4: Testing the Specificity of Relations between Cognitive Factors and 
Behavioural Symptoms  
The specific relationships between the cognitive and behavioural factors were 
tested by comparing Model 2 against alternative Models 3 and 4 (Figure 2-3). Model 
2 had significantly better fit, Δχ2(3) = 14.5, p = .002, than the alternative Model 3, 
where all paths between cognitive factors and behavioural symptoms were 
constrained to be equal in magnitude, χ2(82) = 113.7, p = .011; CFI = .90; TLI = .88; 
RMSEA = .062; AIC = 6064.0; BIC = 6202.1. The fit of Model 4, which could not be 
compared against Model 2 directly as they were non-nested models, also indicated 
poorer fit as observed from the direction of changes in model fit parameters, χ2(83) 
= 131.0, p = .0006; CFI = .86; TLI = .82; RMSEA = .076; AIC = 6079.3; BIC = 
6214.8. These results showed that there was specificity in the relations between EF 




deficits and ADHD symptoms and between ToM deficits and ASD symptoms in the 
model.  
Figure 2-3: SEM Model 3 and 4 
A. Model 3 applies equality constraint to paths from cognition to symptoms  
 
B. Model 4 included non-significant paths from cognition to symptoms only 
 
Note. Model 3 and 4 were compared against Model 2 to confirm the specificity of relationships between the neurocognitive and 
symptom factors. In Model 3, each path from the neurocognitive to the behavioural factors is constrained to equal magnitude (non-
standardized coefficients are shown here to demonstrate the equality constraint). Non-standardized coefficients, instead of 
standardized coefficients, are shown in this model to demonstrate the equality constraint applied on the paths between the cognitive 
and the symptom factors. In Model 4, paths from EF to ADHD and from ToM to ASD were dropped from the model, which was 
opposite to the specific paths which are part of the final Model 2 in Figure 2-2B. Non-significant paths are represented by the dotted 
lines. List of abbreviations CST = card sort task, TMT = Trail-Making Test, OW = Opposite Worlds, NB = Number Backward, PD = 
planning drawing task, AT = animated triangle, PHG = penny hiding games, RME = Reading the Mind in the Eye tasks, EF = executive 
function, ToM = theory of mind. Abbreviations for ASD or ADHD measures: ADOS = Autism Diagnostic Observation Schedule, ADI-
R=Autism Diagnostic Interview-Revised, SRS = Social Responsiveness Scale, DSM = Diagnostic and Statistical Manual of Mental 
Disorders, SDQ=Strengths and Difficulties Questionnaire, PONS=Profile of Neuropsychiatric Symptoms.  The prefix p on these 
behavioural measures indicates parent-based reports whereas the prefix t on the SDQ indicates a teacher-based report. Adding the 
latent factor Parent isolates the parental-reporting effect resulting in increased loadings of ADOS on the ASD factor and tSDQ ADHD 
on the ADHD factor, and reduces the correlation between ASD and ADHD symptoms to non-significance. The significant levels * p < 
.05, ** p <.01, and *** p < .001. 




 Step 5: Does Controlling for FSIQ Change the Relationships Among 
Factors (Model 5)?  
Finally, the influence of FSIQ in the relations among factors seen in Model 2 (Figure 
2-4) was assessed in Model 5. The model including IQ resulted in a near-acceptable 
model fit, χ2(95) = 123.3, p = .027; CFI = .94; TLI = .92; RMSEA = .055; AIC = 
6609.1; BIC = 6757.6. As in Model 2, the paths between EF and ADHD factors 
(standard coefficient = .38, p = .004), and ToM and ASD (standard coefficient = .74, 
p < .001) were significantly associated.  When FSIQ was included to account for the 
covariance in EF and ToM, the correlation between these factors diminished to non-
significance (standard coefficient =.02, p = .54). FSIQ was significantly associated 
with EF (standard coefficient = -.84, p < .001) and ToM (standard coefficient = -.63, 
p < .001).  
Figure 2-4: SEM Model 5 
 
 
Note. Figures shows Model 5 which tested the effect covarying for IQ has on the relationships from each neurocognitive domain to 
the symptom domains. Covarying for IQ appeared to reduce the magnitude of associations between the factors EF and ADHD 
symptoms, and ToM and ASD symptoms. List of abbreviations CST=card sort task, TMT= Trail-Making Test, OW= Opposite Worlds, 
NB = Number Backward, PD = planning drawing task, AT = animated triangle, PHG = penny hiding games, RME=Reading the Mind 
in the Eye tasks, EF=executive function, ToM=theory of mind. Abbreviations for ASD or ADHD measures: ADOS =Autism Diagnostic 
Observation Schedule, ADI-R=Autism Diagnostic Interview-Revised, SRS=Social Responsiveness Scale, DSM = Diagnostic and 
Statistical Manual of Mental Disorders, SDQ=Strengths and Difficulties Questionnaire, PONS=Profile of Neuropsychiatric 
Symptoms.  The prefix p on these behavioural measures indicates parent-based reports whereas the prefix t on the SDQ indicates a 
teacher-based report. Adding the latent factor Parent isolates the parental-reporting effect resulting in increased loadings of ADOS 
on the ASD factor and tSDQ ADHD on the ADHD factor, and reduces the correlation between ASD and ADHD symptoms to non-
significance. The significant levels * p < .05, ** p <.01, and *** p < .001. 





The aim of this study was to explore how the difficulties in EF and ToM are related 
to ADHD and ASD symptoms in a community sample of adolescents with ASD. The 
primary findings are the specific associations among these variables, i.e., the results 
show that poor EF and not ToM is associated with ADHD symptoms, whereas 
difficulties in mentalising, and not EF, are associated with ASD symptoms, which in 
turn indicate that symptoms of ADHD and ASD among individuals with ASD have 
distinct neurocognitive correlates. The secondary findings are that the observed 
relationship between ASD and ADHD symptoms in the sample can be explained by 
a parent reporting effect. The specific relationships between EF deficits and ADHD 
symptoms, and ToM deficits and ASD symptoms remain even after covarying for 
FSIQ. However, the correlation between the EF and ToM deficits, which were 
observed in earlier models became non-significant when the variance of EF and 
ToM related to IQ was controlled.  To my knowledge this is the first study to 
investigate the relationships among these factors using a structural equation 
modelling approach. 
 EF was Associated with ADHD Symptoms and ToM was Associated with 
ASD Symptoms in Adolescents with ASD 
With regard to the relationship between EF and ADHD symptoms, the present 
model shows that that an underlying deficit in EF among individuals with ASD is 
associated with increased ADHD symptoms in the population. This finding is in line 
with previous findings based on group comparisons that have shown increased EF 
difficulties among individuals with  ASD+ADHD compared to those with ASD alone 
(Ames & White, 2011; Andersen et al., 2013; Buehler et al., 2011; Geurts et al., 
2004; Johnson et al., 2007; Sinzig, Morsch, Bruning, et al., 2008; Yerys et al., 
2009). The specific link between EF deficits and ADHD symptoms is not entirely 




unexpected. EF difficulties strongly characterise individuals in the ADHD population. 
EF has consistently been associated with ADHD in studies comparing groups of 
individuals with this condition against controls (see meta-analyses by Alderson et 
al., 2013; Kasper et al., 2012; Lipszyc & Schachar, 2010; Willcutt et al., 2008). 
Further, longitudinal studies have also demonstrated the stability of EF deficits in 
individuals with ADHD throughout development and their associations with 
diagnostic status in adulthood among those receiving ADHD diagnosis in childhood 
(Biederman et al., 2007; Halperin, Trampush, Miller, Marks, & Newcorn, 2008). It is 
thus conceivable that EF is associated with ADHD symptoms in the ASD population.  
Note, however, that many previous neurocognitive studies were conducted 
on relatively small clinical or convenience samples often with greater severity and 
increased level of co-occurring symptoms (S. H. Goodman et al., 1997), which could 
contribute to inconsistent findings across studies. Further, most group comparison 
studies involved groups of individuals with IQ > 70, thus were not fully 
representative of the ASD population. Given the context, the current results show 
that, firstly, the associations between EF deficits and ADHD symptoms found in 
studies based on convenience samples (e.g., Ames & White, 2011; Andersen et al., 
2013; Buehler et al., 2011; Sinzig, Morsch, Bruning, et al., 2008), in fact generalised 
to population-based cohort of children with ASD including those with lower IQ (> 
50). Secondly, the association between EF deficits and ADHD symptoms in the 
model, which was robust even after controlling for the covariances of EF and ToM 
that were attributable to IQ, could suggest a shared neurocognitive underpinning 
between ADHD symptoms in ASD and those found in ADHD alone.  
The findings are also consistent with previous results of the associations 
between mentalising abilities and social reciprocity and communication symptoms in 
studies of children with ASD alone, with and without co-occurring intellectual 
disability (Ames & White, 2011; Joseph & Tager–Flusberg, 2004; Nagar Shimoni et 




al., 2012; San José Cáceres et al., 2014), which have supported the view of ToM as 
an explanatory factor for social problems in ASD. However, there have also been 
studies that reported no significant relationships between performance on ToM 
tasks and social behaviour (Fombonne, Siddons, Achard, Frith, & Happé, 1994; 
Pellicano, 2013; Travis, Sigman, & Ruskin, 2001). One explanation offered for the 
null findings in previous studies is the reliance upon single measures such as the 
false-belief test, that do not fully capture the range of social cognitive and perceptual 
processes that might be associated with ToM (Bloom & German, 2000; Pellicano, 
2013; Tager-Flusberg, 2007). In the present study, these limitations were addressed 
by applying a multi-measure approach to better capture the different processes 
underlying the capacity for ToM. The current study also controlled the overlapping 
cognitive demands that ToM and EF tasks might have imposed during the task 
performance (Brunsdon & Happé, 2014; Carlson, Moses, & Breton, 2002). By 
removing several tasks that cross-loaded onto the cognitive domain expected a 
priori, the EF and ToM latent factors may be “purer” than those reported in other 
studies.  In addition, we found little evidence of an association between EF and ASD 
symptoms; therefore, the relationship between ToM deficits and ASD symptoms 
was unlikely to be mediated by deficits in EF.    
Contrary to reports of associations between EF and ASD symptoms (Ames 
& White, 2011; D’Cruz et al., 2013; Joseph & Tager–Flusberg, 2004; Kenworthy et 
al., 2009; Lopez et al., 2005; Mostert-Kerckhoffs et al., 2015; Pellicano, 2013), no 
relationship between the EF latent factor and ASD symptoms was found in this 
study. There are two possible reasons for this lack of finding. First, the apparent 
relationships between EF task performance and ASD symptoms in previous studies 
could be an epiphenomenon of other unrelated factors. One concrete example for 
this explanation was observable in the present study. Bivariate correlation analyses 
have shown that performance of Luria hand game was correlated significantly with 




ASD symptoms measures on the ADOS and SRS. However, the correlation could 
be explained by the fact that the task game’s performance loaded primarily on the 
ToM domain, which is associated with ASD symptoms. Second, EF performance 
might be only weakly associated with ASD symptoms and only specifically 
associated with repetitive behaviour as has been suggested by findings from some 
studies. It is possible that this study, which is moderate to large in size for statistical 
modelling purposes, was underpowered to detect this relationship.  
 Correlations between Autistic and ADHD Traits were Explained by Shared 
Parental Rating Factor  
The relationship between autistic trait severity and the level of co-occurring ADHD 
symptoms have been subject to mixed findings. Previous studies, mostly based on 
parent-rated social withdrawal and social problems on questionnaires such as the 
Child Behaviour Checklist (Achenbach & Rescorla, 2001) and the SRS typically 
showed increased autistic trait severity among individuals with ASD+ADHD relative 
to those with ASD alone (see e.g., Holtmann et al., 2007; Sprenger et al., 2013; 
Yerys et al., 2009) suggesting that those with additional ADHD symptoms also had 
more severe ASD traits. This is in contrast to comparisons of autistic symptoms 
based on gold standard measures such as ADI-R and ADOS, which more 
consistently show comparable levels of ASD symptoms in the ASD+ADHD group 
and the pure ASD group (Holtmann et al., 2007; Salley et al., 2015; Yerys et al., 
2009), which is further supported by several clinical and population-based studies 
that fail to find an association between symptoms of ASD and ADHD in individuals 
with ASD (see e.g., Louwerse et al., 2015; Simonoff et al., 2008, 2013). 
Several explanations for these discrepant findings have been offered in the 
past. Sprenger et al. (2013) pointed out the qualitative differences among the SRS, 
ADOS, and ADI-R in an attempt to explain these contrasting findings. For instance, 




while the ADOS and SRS assess current symptoms, the ADI-R also includes 
symptoms from age 4-5 years as a severity index. In addition, the ADOS might be 
vulnerable to interviewer bias as autistic symptoms could be under-rated when they 
were thought to be ADHD-related (Sprenger et al., 2013). Also considered was the 
fact that the SRS, as a broad measure for traits in the general populations, might be 
insensitive to the distinction between the ASD+ADHD and the ASD groups or tap 
more than just autism-specific traits (Yerys et al., 2009). The latter explanation is 
consistent with the observed positive association between parent-rated SRS scores 
and non-ASD behaviour problems, as well as other parent-rated measures of ASD 
symptoms and social development among a very large sample of children with ASD; 
and the poor specificity of the SRS total score among another large sample of  
children with a mixture of externalising and internalising psychopathology and ASD 
(Hus, Bishop, Gotham, Huerta, & Lord, 2013; Moul, Cauchi, Hawes, Brennan, & 
Dadds, 2015).  
In contrast to the studies by Sprenger (2013) and Yerys (2009), participants 
were not categorised into groups of individuals with ASD or ASD+ADHD a priori. 
Rather, all assessments were conducted within a single sample of children already 
characterised with primary research diagnoses of ASD. Therefore, interviewer bias 
in the form of underrated autistic symptoms because they were thought to be 
manifestations of ADHD were unlikely to occur in this study. Other measurement 
issues, such as the inclusion or exclusion of past symptoms in the severity index, 
and the specificity of measures such as the SRS for ASD could indeed have played 
role in producing an association between the two factors in the initial model (with 
poorer fit). However, the fact that the correlation was lost upon the inclusion of latent 
factor controlling for the shared information source from parents, suggested that the 
ASD and ADHD symptom correlation in the initial model was attributable to the fact 
that the information was given by the same source, i.e., parents.  




There are several possible reasons for this. Parents might have a specific 
response style, e.g., tendency to rate all behaviours as high or low, that influence 
their responses across measures (De Los Reyes & Kazdin, 2005). Further, 
children’s behaviour might differ at home, when they spend time with their parents, 
from that in other settings (Kanne, Abbacchi, & Constantino, 2009; D. W. Murray et 
al., 2007). Due to the limited availability of measures from other sources, it was not 
possible to explore the matter further in the current study, e.g., by contrasting 
models where symptom information was derived from parents compared to other 
sources. Nonetheless, the findings underline the importance of obtaining multiple 
sources of information and accounting for their shared characteristics when 
examining the relationships between factors in the ASD population (Risi et al., 
2006).  
 Explaining the Co-occurrence of ADHD Symptom Among ASD Children 
The findings of this study show that symptoms of ASD and ADHD among children 
with ASD have separate neurocognitive basis. While the cognitive-behaviour 
relationships between EF-ADHD symptoms and ToM-ASD symptoms in the ASD 
population are specific, the neurocognitive bases for these relationships are 
moderately correlated (.56), thus there is a possibility for EF and ToM deficits to 
both occur among children with ASD, which could explain why ADHD symptoms 
frequently co-occur in this population. The correlation of the EF and ToM factors is 
consistent with past findings (Ames & White, 2011; Harris et al., 2008; Joseph & 
Tager–Flusberg, 2004; Ozonoff et al., 1991; Pellicano, 2007). As discussed 
previously, EF and ToM are generally believed to related developmentally (S. E. 
Miller & Marcovitch, 2012; Perner & Lang, 1999; J. Russell, 1997), although it is 
unclear from the present literature whether social cognition is a precursor for EF 
(Perner & Lang, 1999) or whether the opposite relationships is valid (C. Hughes, 
1998; J. Russell, 1997). The relationships between EF and ToM is measurable in 




typically developing children as young as 3-4 years of age (Flynn et al., 2004; C. 
Hughes, 1998; Pellicano, 2007), and it is possible that the precursor of such 
functions are existing in infancy (see e.g., Marcovitch, Clearfield, Swingler, Calkins, 
& Bell, 2016; Moll & Tomasello, 2007). The model presented in the present study 
also points to IQ as a possible moderating influence between EF and ToM.  
Therefore, the co-occurrence of ADHD symptoms in children with ASD appears to 
have a strong organic influence.  
Without the ADHD group as a comparison, the findings from this study are of 
insufficient use for examining the suitable comorbidity model for the co-occurrence 
of the two disorders. However, the current model may help to judge the likelihood of 
several models. First, based on the similarity of the neurocognitive underpinning of 
ADHD symptoms in ASD and in ADHD alone, compared indirectly between the 
present findings and past studies of ADHD, we can suggest that two conditions are 
possibly not symptomatic phenocopy from the neurocognitive perspective. The IQ-
moderated relationship between EF and ToM suggest strongly that the ADHD 
symptoms in ASD are not environmentally driven therefore a model such as the 
environmentally-influenced phenocopy is possibly less likely according to the 
present model’s findings.  This is not say that the two conditions are not 
neurocognitive phenocopies which is entirely possible if the EF deficits in ADHD and 
ASD have different underlying neural correlates. Second, the separated 
neurocognitive underpinning of ASD and ADHD symptoms may support the gradient 
overarching manifestations of a single condition (Rommelse et al., 2011; J. M. J. 
van der Meer et al., 2012), i.e., those with high severity of ASD trait may have 
higher severity EF deficits mediated by the severity of the ToM deficit (J. M. J. van 
der Meer et al., 2012). Furthermore, the specific association between EF and ADHD 
symptoms could reflect an additive impairment of the two disorders, that is, 
individuals with ASD with additional ADHD symptoms are those with more severe 




EF deficits (Banaschewski et al., 2007; Sinzig, Morsch, Bruning, et al., 2008).  
However, the absence of ADHD comparison group in this study prevents us from 
putting forward this idea strongly. 
 Strengths and Limitations 
The strengths of this study include the use of a well-characterised sample of 
individuals with ASD. Furthermore, the sample was population-based (although not 
population-representative at the second timepoint as it excluded individuals with 
FSIQ < 50 by design). Therefore, the findings are not subject to the biases in clinical 
samples, which often reflect the more severe end of disorders with higher rates of 
co-occurring disorders (S. H. Goodman et al., 1997). The inclusion of multiple 
sources of information using a variety of well-validated and/or well-replicated 
neurocognitive and symptom measures produces more robust findings than studies 
relying on single measures. The use of SEM enabled modelling of multiple 
relationships among the latent factors simultaneously. Finally, the model describes 
how variations in EF and ToM relate to dimensional measures of ASD and ADHD 
symptoms, thus the model captures individual differences within the ASD 
population.  
The study also has some limitations. Importantly, the estimation of latent 
factors in this investigation is constrained by the selection of the measures 
employed in the study, which were not primarily designed to fully explore the 
aetiology of ADHD symptoms in ASD. Measures such as the SDQ and PONS are 
screening instruments which do not probe the full range of ADHD symptoms. Only 
one measure, i.e., the CAPA, explores all ADHD symptoms among the participants. 
Therefore, the latent ADHD symptom factor derived in this model may not have 
captured the full extent of ADHD-related difficulties in the sample. Nevertheless, 
with the present approach meaningful relationships between EF and ADHD 




symptoms were found in this sample and the use of multiple source of information 
may have mitigated the use of less comprehensive screening tools in this study. 
Furthermore, factors were modelled with EF and ToM “predicting” the ADHD and 
ASD symptoms to conform with the assumption that EF and ToM were the 
underpinning of behavioural symptoms. This was partly a statistical necessity and 
was also conforming to the conventional model asserting EF and ToM as an 
endophenotype for behavioural symptoms (e.g., Banaschewski et al., 2007; F. Craig 
et al., 2015; Rommelse et al., 2011). Arguably, a model where ADHD and ASD 
symptoms predicting EF and ToM should also be considered but was not tested in 
this study. 
An additional limitation is the modelling of associations between factors 
estimated with measures collected over a four-year period, i.e., when the children 
were 10 to 16 years. Changes in behaviour or traits may have occurred within this 
time span. However, having previously found considerable persistence in ADHD 
symptoms in this sample over this time frame (Simonoff et al., 2013), a reasonable 
estimate of the ADHD factor was expected using the present approach. Similarly, 
ASD symptoms among the participants were expected to be reasonably stable over 
the four-year follow up to mid-adolescence. This is so because studies have 
indicated stability of diagnosis from childhood to young adulthood (Billstedt et al., 
2005; Cederlund et al., 2008). Furthermore, in a seven-year prospective study in 72 
adolescents with ASD, the ADHD symptom score was found to be largely stable 
with a substantial number of participants showing an increased (40%) or stable 
(40%) symptom profile over time (Louwerse et al., 2015). Finally, the sample size of 
this study can be considered moderate to large for modelling purposes. However 
weaker relationships may still be undetected. Therefore, replication of findings using 
a similar approach in a larger sample is crucial to confirm the reliability of these 
results. 




 Implications and Future Directions 
This study has several empirical and clinical implications. First, it adds to the 
growing literature that explores the cognitive underpinnings of ADHD symptoms in 
the ASD population. The findings show that ADHD symptoms in this group have 
cognitive correlates that are distinctive from those associated with ASD symptoms. 
Within the clinical context, exploring the neurocognitive underpinnings of ADHD 
symptoms in ASD and investigating further their similarities and differences to those 
seen in individuals with ADHD alone, might cast some light on the findings of the 
decreased effectiveness of standard interventions such as MPH for treating ADHD 
symptoms in people with ASD compared to in ADHD alone (RUPP Autism Network, 
2005). The relationships between EF and ADHD symptoms found in this study 
might suggest some similarities in the cognitive basis between ADHD symptoms 
found in both disorders. Further, previously noted similar profiles of EF deficits in 
both ADHD and ASD (Rommelse et al., 2011) could be due to the presence of 
ADHD symptoms in the latter. In the context of the comorbidity debate, the model 
shows that the presence of ADHD symptoms could constitute an additional feature 
among children with ASD. Consequently, these findings might suggest that ADHD is 
distinct from ASD although this opinion is asserted with caution as the study lacked 
an ADHD comparison sample. Therefore, to understand further the association 
between cognitive deficits and the co-occurrence of ADHD and ASD, further studies 
comparing participants with ADHD, ASD, and ASD+ADHD, utilising broad sets of 
social cognition and executive function measures, are needed. Also useful are 
studies that would extend our knowledge of the neurobiological basis of the co-








 Study II: Neurocognitive Deficits in Young Adults with 
ASD, ADHD and ASD+ADHD 
 
 Introduction 
ADHD symptoms co-occur among individuals with ASD in adulthood (Joshi et al., 
2013; A. J. Russell et al., 2016) although the mechanisms underlying this co-
occurrence are still unclear. Understanding the patterns of neurocognitive abilities 
such as EF and social cognition (SC) among individuals with ASD, ADHD, and 
ASD+ADHD can be a useful strategy to disentangle the specific and shared 
difficulties in these populations. Among individuals with ADHD diagnosed in 
childhood, longitudinal studies have shown that EF deficits persist into adulthood 
(Bédard et al., 2010; Biederman et al., 2007, 2009; M. Miller et al., 2012; Nigg et al., 
2002). Studies of adults with ASD similarly suggest lifelong difficulties in ToM 
(Heavey et al., 2000; Rogers et al., 2007; Spek et al., 2010; S. J. White et al., 2011). 
The SEM model presented in Chapter 2 showed specific relationships between the 
underlying EF deficits and ADHD symptoms; and between ToM deficit and ASD 
symptoms in a population-based sample of adolescents with ASD. However, EF 
underlies independent cognitive constructs such as inhibition, sustained attention, 
working memory, and cognitive flexibility (Friedman et al., 2015; Happé, Booth, 
Charlton, & Hughes, 2006; Miyake & Friedman, 2012). It is thus important to explore 
the differences of each subdomain of cognitive function across groups of individuals 
with ASD, ADHD and ASD+ADHD and typically developing controls. Few studies 
compared these groups in four-way comparisons in both SC and EF domains 
(Sinzig, Morsch, Bruning, et al., 2008; Sinzig, Morsch, & Lehmkuhl, 2008; J. M. J. 
van der Meer et al., 2012) and only one study was among adults (Nydén et al., 




2010). To address this gap in the literature, I conducted an EF and SC comparison 
among adults with ASD, ADHD, and ASD+ADHD.  
 Neurocognitive Difficulties in ASD, ADHD and ASD+ADHD 
Early cognitive comparisons among children with neurodevelopmental conditions 
have explored the discriminant validity of measures across conditions. Among SC 
research in ASD, an ADHD group was typically included as a psychiatric control to 
determine the specificity of deficits in the former (Buitelaar, van der Wees, Swaab-
Barneveld, & van der Gaag, 1999a; Muris et al., 1999). Increasingly, however, 
number of studies has reported mixed findings and similar deficits across the two 
disorders. Therefore, in this section I would review further the findings of cognitive 
deficits in the ASD, as well as the pure ADHD and the ASD+ADHD population.   
In comparison to healthy controls several studies reported that people with 
ADHD had poor face emotion recognition (Corbett & Glidden, 2000; Da Fonseca, 
Seguier, Santos, Poinso, & Deruelle, 2009; Pelc, Kornreich, Foisy, & Dan, 2006; L. 
J. Rapport, Friedman, Tzelepis, & Van Voorhis, 2002), and others found poor ToM 
as judged on tasks such as the False Belief and Faux Pas tests (Caillies, Bertot, 
Motte, Raynaud, & Abely, 2014; Mary et al., 2015; Shuai, Chan, & Wang, 2011; 
Sjöwall, Roth, Lindqvist, & Thorell, 2013). SC deficits are traditionally linked to ASD, 
but its presence among individuals with ADHD might partly explain problems in 
social interactions (Uekermann et al., 2010) and related difficulties such as lack of 
empathy, poor peer relationships, communication deficits (Clark, Feehan, Tinline, & 
Vostanis, 1999) and lack of social reciprocity previously reported in the population 
(Kochhar et al., 2011; A. Mulligan et al., 2009; Santosh & Mijovic, 2004). These 
findings could indicate that SC difficulties are shared deficits in ASD and ADHD, 
although inferring the similarities or differences in these domains between ASD or 
ADHD based on independent comparisons of each group against healthy controls 




would be inappropriate as the studies utilised different measures, sample 
characteristics and have varying magnitude of effect sizes. More importantly, these 
studies typically did not account for cross-disorder traits despite the frequent co-
occurrence of the two conditions (Geurts et al., 2009; Rommelse et al., 2011; J. M. 
J. van der Meer et al., 2012).  
Recent studies have taken up this methodological concern by directly 
comparing SC in the ASD and ADHD groups and controlling for IQ, age, and cross-
disorder traits statistically or through group matching (see Table 3-1). These studies 
showed greater SC deficits in the ASD than ADHD group especially in ToM 
(Baribeau et al., 2015; Demurie, De Corel, & Roeyers, 2011; Dyck et al., 2001; 
Gonzalez-Gadea et al., 2013; Muris et al., 1999; J. M. J. van der Meer et al., 2012; 
J. Yang, Zhou, Yao, Su, & McWhinnie, 2009). In terms of ToM studies, a group of 
children with autism and PDD-NOS performed more poorly on a ToM task 
compared to children with ADHD and children with anxiety (Muris et al., 1999), and 
further regression analyses showed greater deficits in ToM with increasing severity 
of ASD diagnostic subcategories, i.e., autism versus PDD-NOS, even when IQ and 
age discrepancies were controlled for. Interestingly, comparing a large sample of 
children with autism and Asperger’s against non-ASD psychiatric controls with 
anxiety, ADHD, intellectual disability (ID), and typically developing controls, Dyck et 
al. (2001) found that only children with ASD were impaired relative to typically 
developing controls after covarying for IQ.  
In another study of children in mainland China involving a battery of three 
ToM tasks, i.e., the Chinese adaptation of the Appearance-Reality test (Flavell, 
Flavell, & Green, 1983), the Sally-Anne task (Baron-Cohen et al., 1985) and the 
Smarties task (Perner & Lang, 1999), Yang et al. (2009) showed greater overall 
ToM impairment in children with autism compared to children with ADHD, relative to 
typically developing controls matched for non-verbal IQ.  A subsequent small study 




by Demurie et al. (2011) found that adolescents with ASD were selectively more 
impaired and responded with slower response time (RT) than age- and IQ-matched 
controls and children with ADHD on the RME task. Also using the RME task, 
Baribeau et al. (2015) showed in a large study involving over 250 children and 
adolescents that those with ASD and with ADHD performed more poorly than 
children with OCD and typically developing controls. Interestingly, while the group 
differences remained after covarying for ADHD and OCD traits, as well as IQ, age 
and sex, they became non-significant upon covarying for SCQ scores, suggesting a 
specific association between ToM and ASD traits. Among adults, Gonzalez-Gadea 
et al. (2013) found that participants with Asperger’s were more impaired on the 
Faux-Pas task in comparison to age-, sex-, education- and IQ-matched groups of 
adults with ADHD and typically developing controls, who did not differ from each 
other. 
With respect to face emotion recognition (FER), Downs and Smith (2004) 
found impairments in a small sample of children with autism relative to children with 
ADHD with comorbid oppositional defiant disorder (ODD) and controls, even though 
the ASD group demonstrated better verbal understanding than the ADHD children 
regarding the emotion an individual would experience in a variety of contexts. In 
another study using a data-driven latent class analysis of parent reports of ASD and 
ADHD trait severity, Van der Meer et al. (2012) separated more than 600 children 
recruited from into five classes, including two groups considered typically 
developing, one group with ADHD alone, one with predominant ADHD and 
secondary ASD traits, that is, the ADHD (+ASD) group, and one with predominant 
ASD with secondary ADHD traits, that is the ASD (+ADHD) group. FER difficulties 
across these groups increased with ASD traits. Thus, children with ASD (+ADHD) 
had greater difficulties than those with ADHD (+ASD) or ADHD alone. Another large 
study involving more than 550 children by Demopoulos et al. (2013) showed that 




children with ASD had deficits in facial and vocal emotion recognition as well as 
social pragmatic judgement and problem solving with effect size larger (.62-1.55) 
than age-matched children with ADHD (.18-.55), although these effects diminished 
when covarying for FSIQ, which was 10 points higher in the ADHD group.  
Contrasting with the results of these studies are findings from a few studies 
that showed that SC was similarly or more impaired in groups with ADHD as in 
those with ASD (Buitelaar et al., 1999a; Dyck et al., 2001; Kuijper, Hartman, & 
Hendriks, 2015; Sinzig, Morsch, & Lehmkuhl, 2008). A study by Buitelaar et al. 
(1999a) showing that similar level of ToM difficulties in children with ASD compared 
to nine ADHD children was probably underpowered. In addition, Dyck et al. (2001) 
reported that a composite score of “emphatic ability” (Dyck et al., 2001, p. 106), 
assessed by using several tasks including a FER task, were equally impaired in 
autism, ADHD and ID groups relative to controls. FER deficits in children with ADHD 
and with ASD+ADHD, but not in matched-age and IQ group with ASD, were 
reported by Sinzig et al. (2008). However, the study included a large proportion (37-
53%) of children with conduct disorder (CD) or oppositional defiant disorder (ODD) 
across the clinical groups but particularly in the ADHD group, which might confound 
their findings. Lastly, Kuijper et al. (2015) reported that children with ASD and with 
ADHD were similarly impaired relative to controls on the first and second order 
False-Belief task. Note that some of these studies did not adequately control the 
presence of co-occurring symptoms or ASD or ADHD in their samples (see Table 3-
1 for a summary of these findings).   
Turning into the executive subdomains, comparisons of individuals with ASD 
against those with ADHD, and occasionally including an ASD+ADHD group, have 
been made in the domains of inhibition, sustained attention, working 
memory/planning, cognitive flexibility and reward responses (e.g., Andersen et al., 
2013; Buehler et al., 2011; Demurie, Roeyers, Baeyens, & Sonuga-Barke, 2012; 




Table 3-1: Direct comparisons of SC in ASD and ADHD 
Authors Participants Group matching Co-occurring ADHD or 
ASD 
SC sub-domain / tasks  Summary findings 
Studies in children: 
Baribeau et al. 
(2015) 
ASD (n = 118), 
ADHD (n = 71), and 
TD (n = 34), aged 6-
19 years 
Age but not IQ (mean IQ TD > 
ADHD > ASD), covaried 
Co-occurring ASD/ADHD traits 
were covaried.  
ToM / RMET Correct responses: ASD < 
ADHD, TD (covarying IQ), group 
differences remained after 
controlling for ADHD, but not 
ASD, traits. 
Bühler et al. (2011) ASD (n = 86), ADHD 
(n = 84) and 
ASD+ADHD (n = 52) 
aged 4-22 years 
Age but not FSIQ (ASD 
highest), covaried 
Formed the ASD+ADHD group Emotion / Face emotion task Correct responses:  
ASD < ADHD (<10 years) 
ASD = ADHD (> 10 years)  
Buitelaar et al. (1999) ASD (n = 18), ADHD 
(n = 9) and TD (n = 
20), aged 8-18 years 
Not matched in age or IQ, 
subgroup analysis matching 
both 
n/a ToM / FB1, FB2 tasks Emotion 
/ Face emotion task  
FB1 scores: n.s. 
FB2 scores: ADHD < TD; ASD < 
TD 
Correct emotion: ASD < TD 
Demopoulos et al. 
(2013) 
ASD (n = 115) and 
ADHD (n = 276), 
mean age 10.5 years 
Age but not FSIQ 
(ADHD>ASD) 
ADHD traits did not differ 
between groups. 
Emotion / DANVA Face & 
vocal affect task 
DANVA standardised scores:  
ASD < ADHD 
Demurie et al. (2011) ASD (n = 13), ADHD 
(n = 13) and TD (n = 
13), aged 11-17 
years 
Age and FSIQ ASD+ADHD cases were 
excluded 
ToM / RMET Correct responses: ASD < TD 
Response time: ASD > ADHD, 
TD 
Downs & Smith  ASD (n = 10), 
ADHD+ODD (n = 16) 
and TD (n = 10), 
aged 5-9 years 
Age and FSIQ n/a Emotion / Face emotion task Emotional recognition on face 
photos: ASD < ADHD+ODD < TD  
Emotional understanding total 
scores: ASD, ADHD+ODD < TD 
Dyck et al. (2001) ASD (n = 48), ADHD 
(n = 35), and TD (n = 
36), aged 9-16 years 
Age and FSIQ No ASD+ ADHD cases ToM / Strange stories 
Emotion / Face emotion task 
Strange stories task scores: ASD 
< ADHD, TD 
Composite scores including the 
face emotion task: ASD, ADHD < 
TD 
Kuijper et al. (2015) ASD (n = 46), ADHD 
(n = 37) and TD (n = 
38) aged 6-12 years. 
Age but not IQ (ASD, ADHD < 
TD), not covaried 
n/a ToM / FB1 and FB2 
 
FB1 scores: n.s. 
FB2 scores: ASD, ADHD <TD 




Muris et al. (1999) ASD (n = 20) and 
ADHD (n = 14), aged 
5-12 years. 
Age and FSIQ n/a ToM / FB 
 
FB scores: PDD < ADHD 
Sinzig et al. (2008) ASD (n = 19), ADHD 
(n = 30), ASD+ADHD 
(n = 21) and TD (n = 
29), aged 6-18 years 
Age and FSIQ Formed the ASD+ADHD group Emotion / FEFA task (faces 
and pairs of eyes) 
Correct responses (faces): 
ADHD < TD 
Correct responses (eyes): 
ADHD, ASD+ADHD < TD 
Van der Meer et al.  
(2012) 
Children (5-7 years) 
with ASD[+ADHD] (n 
= 41-56), ADHD 
[+ASD] (n = 45-59), 
ADHD (n = 64-108) 
and TD (n = 234-
416)   
Non-matching age (TD, ADHD 
< ADHD[+ASD], 
ASD[+ADHD]) and IQ (TD > 
ADHD [+ASD]) 
ASD+ADHD differentiated 
between predominant ASD (with 
ADHD trait) and predominant 
ADHD (with ASD trait) 
Emotion / Face emotion task Speed:  
ASD [+ADHD] < ADHD, TD  
ADHD [+ASD] < TD 
Accuracy:  
ASD [+ADHD] < ADHD, TD 
Yang et al. (2009) ASD (n = 20) ADHD 
(n = 26), and TD (n = 
30), aged 3-15 years 
Age but not NVIQ (ASD < TD), 
covaried 
n/a ToM / FB FB scores: ASD < ADHD, TD 
Studies in adults: 
Gonzales-Gadea et 
al. (2013) 
ASD (n = 23), ADHD 
(n = 22), and TD (n = 
36), mean age 33-38 
years 
Age and IQ n/a ToM / Faux pas, RMET Faux pas scores: ASD < ADHD, 
TD 
RMET scores: n.s. 
Nydén et al. (2010) ASD (n = 55), ADHD 
(n = 73), and 
ASD+ADHD (n = 33), 
mean age 31-33 
years 
Age and FSIQ Formed the ASD+ADHD group ToM / Strange stories (cartoon) RT on mentalising condition vs 
physical condition: n.s. 
Note. ASD = autism spectrum disorder, ADHD = attention-deficit/hyperactivity disorder, TD = typically developing, Cognitive tests: FB1 = first order false belief, FB2 = second order false belief, DANVA = diagnostic 
analysis of nonverbal Accuracy, ToM = theory of mind, NVIQ = nonverbal IQ, VIQ = verbal IQ, FSIQ = full scale IQ, ODD = oppositional defiant disorder, RMET = reading the mind in the eyes, RT= response time, n/a 
= not available, n.s. = not significant.  
 




Happé, Booth, et al., 2006; Kado et al., 2012; Sinzig, Morsch, Bruning, et al., 2008; 
J. M. J. van der Meer et al., 2012; Yerys et al., 2009). These studies reveal a 
similarly mixed pattern of findings as observed in the SC studies (see Table 3-2). 
There may be a couple of reasons for this inconsistency. Measures may have 
unexpected ceiling or floor effects. For instance, Happé et al. (2006) were unable to 
distinguish the inhibitory performance across older adolescents but not younger 
children under the age of 10 years with ASD, ADHD, and controls on a GNG task, 
suggesting an age-related floor effect in the task. Furthermore, as has been shown 
in the previous chapter, an underlying EF impairment, associated with additional 
ADHD traits among individuals with ASD, could contribute to heterogeneity of 
findings among individuals with ASD (e.g., Corbett et al., 2009; Geurts et al., 2004; 
Johnson et al., 2007; Johnston, Madden, Bramham, & Russell, 2011).  
Nevertheless, studies of EF directly comparing individuals with ASD or 
ADHD, as well as those with ASD+ADHD, have collectively revealed interesting 
patterns of findings. Inhibition is the function most frequently investigated, which has 
been the hallmark of cognitive deficits in ADHD (Lipszyc & Schachar, 2010; Willcutt 
et al., 2008). Studies have found difficulties in inhibitory function among children and 
adults with ADHD relative to individuals with ASD and typically developing controls 
(Buehler et al., 2011; Happé, Booth, et al., 2006; K. Johnston, Madden, Bramham, 
& Russell, 2011; Sinzig, Morsch, Bruning, et al., 2008). Happé et al. (2006) found 
that children with ADHD, especially those in their early to mid-teens, performed 
more poorly that children with ASD and control groups, judged from the number of 
commission errors and task sensitivity on the GNG task taken from the Maudsley 
Attention and Response Suppression battery (Rubia, Smith, & Taylor, 2007). Sinzig 
et al. (2008) similarly reported more commission errors on a GNG task among 
ADHD children, compared to children with ASD, ASD+ADHD and TD controls. 
Furthermore, Corbett et al. (2009) showed that although children with either ASD or 




ADHD appeared to be impaired in inhibitory measures relative to controls, the 
impairment among children with ASD dropped to trend level when those with co-
occurring ADHD in the sample were removed from the analysis, suggesting that 
findings of inhibitory deficits among individuals with ASD could be partly attributable 
to the additional presence of ADHD symptoms in the sample (Sinzig, Morsch, 
Bruning, et al., 2008).  
In a study involving individuals of a wide age-range up to young adulthood 
(5-22 years), Buehler et al. (2011) reported greater inhibitory difficulties on the GNG 
task among large groups of participants with ADHD and with ASD (n > 80 each). An 
additional group of approximately 50 individuals with ASD+ADHD demonstrated 
performance on a par with the ADHD group. Due to the lack of typically developing 
controls in the study, however, it was unclear what threshold of performance would 
constitute the norm. Johnston et al. (2011) found that adults with ADHD (50% of 
who scored beyond threshold on ASD symptom measures) demonstrated greater 
distractibility on the Stroop task than either controls or adults with ASD. 
Interestingly, among studies comparing ASD and ADHD groups, those reporting 
inhibition difficulties in ASD include a non-negligible number of ASD subjects with 
high ADHD traits (Fried et al., 2016; Geurts et al., 2004; Johnson et al., 2007). 
Twenty-five percent children in the ASD group in Geurts et al.’s (2004) study had 
substantial symptoms or diagnoses of ADHD; In Johnson’s (2007) study, 57% of the 
ASD children had above the cut-off ratings of Conner’s Parent Rating Scale for 
ADHD symptoms; while the majority of adults (81%) in the ASD sample of the study 
by Fried et al.’ (2016) meet the criteria for ADHD or subthreshold ADHD. Altogether, 
these reports were consistent with the suggestion that inhibitory deficits among 
people with ASD might be related to co-occurring ADHD symptoms in the 
population.  




With respect to vigilance or sustained attention, previous studies in ASD, 
including one with more than 100 participants, did not reveal impairments relative to 
controls (e.g., Bogte, Flamma, Van Der Meere, & Van Engeland, 2009; G. 
Goldstein, Johnson, & Minshew, 2001; Pascualvaca, Fantie, Papageorgiou, & 
Mirsky, 1998). In contrast, large studies involving people with ADHD consistently 
showed impaired performance (e.g., Epstein, Johnson, Varia, & Conners, 2001; 
Fischer, Barkley, Smallish, & Fletcher, 2005; K. R. Murphy, Barkley, & Bush, 2001; 
Rubia, Smith, & Taylor, 2007; Silva et al., 2013). These results are consistent with 
recent findings of primary sustained attention deficits among individuals with ADHD 
relative to the ASD group (Happé, Booth, et al., 2006; Johnson et al., 2007) and 
findings of similar patterns of deficits between the ADHD and the ASD+ADHD 
groups (Adamo et al., 2014; Sinzig, Morsch, Bruning, et al., 2008), judged from 
omission errors and RT variability on the GNG task. Both Happé et al. (2006) and 
Johnson et al. (2007) found that children with ADHD made more omission errors 
than controls or the ASD group, which did not differ from one another, despite a 
high proportion of individuals with ADHD symptoms in the ASD group. Further, 
Sinzig et al. (2008) showed that children with ADHD or ASD+ADHD omitted more 
responses than children with ASD alone or controls. Using a novel frequency 
domain analysis, Adamo et al. (2014) showed similar pattern of behavioural 
response among the ADHD and the ASD+ADHD groups compared to the controls 
on the GNG task even though they did not demonstrate overt differences on 
omission errors. 
In the domains of working memory and planning, studies typically reveal 
poor performance in children and adults with ADHD or ASD relative to controls and 
such difficulties become more pronounced in tasks with higher executive demands 
(Alderson et al., 2013; Barendse et al., 2013; Kasper et al., 2012). Among studies 
comparing both clinical groups, deficits in working memory and planning were 




typically found in both the ASD and ADHD groups compared to controls (Andersen 
et al., 2013; R. Booth et al., 2003; Goldberg et al., 2005; Sinzig, Morsch, Bruning, et 
al., 2008), although some studies showed more pronounced difficulties in the ADHD 
group possibly due to variation in the tasks used in these studies. (Fried et al., 2016; 
Gonzalez-Gadea et al., 2013; Happé, Booth, et al., 2006; Nydén et al., 2010; J. M. 
J. van der Meer et al., 2012). Among studies that have assessed working memory in 
an ASD+ADHD group (Andersen et al., 2013; J. M. J. van der Meer et al., 2012; 
Yerys et al., 2009), individuals with ASD+ADHD were typically found to be more 
impaired than individuals with pure ASD or ADHD. Yerys (2009), for instance, 
showed that young children with ASD+ADHD performed significantly worse on the 
backward digit span task than those with ASD alone who performed at the same 
level as controls, but no ADHD comparison group was included in this study. In a 
large study with over 150 children, Andersen (2013) showed that both children with 
HFA and those with pure ADHD were impaired on measures of verbal working 
memory and a delayed recall test relative to controls. Further, a subset of the ASD 
individuals with co-occurring ADHD were more impaired than those with ADHD or 
ASD alone, who showed impairment relative to controls. Finally, van der Meer et al. 
(2012) showed that individuals with predominant ADHD(+ASD) or pure ADHD were 
impaired on visuospatial and verbal working memory relative to controls, with 
individuals with ASD+(ADHD) performing in between these groups and the controls. 
The findings suggest that working memory difficulties were associated with ADHD 
symptom severity.  
Impairments in cognitive flexibility were traditionally associated with ASD 
and were thought to explain patterns of rigid behaviours in the population (see e.g., 
Ozonoff & Jensen, 1999). Evidence suggests that individuals with ASD are 
consistently impaired in set-shifting tasks such as WCST or Trail-Making Test 
(Geurts et al., 2009). The specificity of this impairment for ASD relative to ADHD 




has been questioned before. However, the effect sizes of cognitive flexibility 
impairments in individuals with ADHD were among the lowest of all domains 
(Willcutt et al., 2005, 2008). Further, recent studies using the WCST and trail-
making in individuals with pure ASD and with pure ADHD supported the idea that 
the cognitive flexibility impairments were ASD-specific (e.g., Fried et al., 2016; 
Geurts et al., 2004; Gonzalez-Gadea et al., 2013; Kado et al., 2012; Winsler, Abar, 
Feder, Schunn, & Rubio, 2007). Both Geurts et al. (2004) and Winsler et al. (2007) 
found that individuals with HFA uniquely demonstrated higher perseverative errors 
on the WCST than controls, although in the latter, the ADHD group appear to have 
some deficits with performance in between the ASD and the TD groups. Most 
interesting are the findings of Kado et al. (2012) who presented the Japanese 
adaptation of the WCST in two steps, in children with pure PDD, pure ADHD and 
controls. In the first step, the task was administered using its typical open-ended 
instructions and prior to the administration of the task in the second step, the 
children were told that the rule of this task would occasionally change without 
warning. Both the ASD and the ADHD group showed significantly higher 
perseverative errors than controls after the first step. However, after the second 
step only the PDD group demonstrated the perseverative errors relative to controls 
while the ADHD group’s performance improved to a level between the PDD and the 
control group, suggesting a specific relationship between perseveration and ASD.  
Two studies in children found the opposite pattern of findings and 
demonstrated flexibility impairments in children with ADHD but not in those with 
ASD (see Nydén, Gillberg, Hjelmquist, & Heiman, 1999; J. Yang et al., 2009). 
However, one of these studies, consisting of 10 people per group would be 
underpowered and most likely vulnerable to Type I error (Nydén et al., 1999). In the 
other study (J. Yang et al., 2009), children seemed to complete varying number of 
trials, which could suggest compliance issues. Among adults, findings appeared to 




be weaker and less consistent than in children. Gonzales-Gadea et al. (2013) found 
a trend for impaired performance on the modified WCST among adults with ASD 
relative to the ADHD group although not on the trail-making task. The authors 
attributed the lack of significance to the reduced sensitivity of these measures for 
assessing adults with ASD. Furthermore, Fried et al. (2016) showed that 
performance on the trail-making was significantly impaired among adults with ASD 
but not ADHD, who performed as well as controls, although most individuals in the 
ASD group met the criteria for ADHD which confounded the findings.  
Finally, children and adults with ADHD show difficulties with temporal 
discounting, i.e., they discount future rewards at much steeper rates compared to  
present rewards, demonstrating a preference for immediate over prospective 
gratification  (Mostert, Onnink, et al., 2015; Sjöwall et al., 2013; Solanto et al., 2001; 
Sonuga-Barke et al., 2008).  The deficits were thought to represent choice 
impulsivity conceptualised as motivationally driven or “hot” EF (Castellanos et al., 
2006; Rubia, 2011). Only a few studies have compared ASD and ADHD groups, 
with varying results (Chantiluke et al., 2014; Demurie et al., 2012). A large study 
involving nearly 120 children, showed steep monetary discounting over time delay 
was characteristic of individuals with ADHD and not those with ASD, who performed 
similarly to controls (Demurie et al., 2012). A subsequent smaller neuroimaging 
study involving over 60 boys with pure ASD, pure ADHD, with ASD+ADHD and 
controls reported a different pattern; there was steeper discounting over time in the 
ASD+ADHD and ASD groups compared to the ADHD and control groups, 
suggesting that ASD and not ADHD traits were associated with the impulsive choice 
behaviour (Chantiluke et al., 2014). The relatively small sample gathered for the 
latter study may reduce its power, however. Taken together these findings indicate 
that reward discounting can potentially differentiate ADHD from ASD group. 
 




Table 3-2: Direct comparisons of EF between ASD and ADHD 
Authors Participants Matching Co-occurring 
ADHD or ASD 
EF sub-domains/ tasks Summary findings 
Studies in children 
Adamo et al 
(2014) 
ASD (n = 46), ADHD (n = 46) 
and TD (n = 36), aged 7-11 
years. 
Age and FSIQ n = 17 ASD have ADHD 
diagnosis, identified as 
ASD+ADHD in a post-
hoc analysis 
Inhibition / SART GNG MRT, SDRT and commission errors = all n.s. 
Restricted IS-SDRT in the frequency domain: 
ASD+ADHD is similar to ADHD  
Andersen et 
al. (2013) 
ASD (n = 22), ADHD (n = 79), 
ASD+ ADHD (n = 16) and TD (n 
= 50), aged 8-17 years. 
Age but not FSIQ 
(ADHD < TD), 
covaried. 
Formed the ASD+ADHD 
group 
WM / WISC-IV LNS  Verbal WM score ASD+ADHD < ASD, ADHD < TD 
Booth et al. 
(2003) 
ASD (n = 30), ADHD (n = 30) 
and TD (n = 27), aged 8-16 years 
Age and FSIQ ASD+ADHD cases were 
excluded 
Planning / Planning drawing 
task 
Allowance score: ASD, ADHD < TD 
Bühler et al. 
(2011) 
ASD (n = 86), ADHD (n = 84), 
ASD+ ADHD (n = 52), 
predominantly children aged 4-22 
years 
Age but not FSIQ 
(ASD highest), 
covaried 
Formed the ASD+ADHD 
group 
Inhibition / TAP GNG Commission errors: ASD+ADHD, ADHD > ASD 
Corbett et al. 
(2006) 
ASD (n = 15), ADHD (n = 15) 
and TD (n = 15), aged 7-12 years 
Age but not FSIQ 
(TD > ASD) 
n/a Inhibition / IVA-CPT (GNG) 
VRCQ and ARCQ 
Visual response control: ASD < ADHD, TD  
Auditory response control: ASD < ADHD < TD 
Corbett et al 
(2009) 
ASD (n = 18), ADHD (n = 18) 
and TD (n = 18), aged 7-12 years 
Age but not FSIQ 
(TD, ADHD > 
ASD), covaried 
n=8 ASD met the criteria 
for ADHD  
Inhibition / IVA-CPT (GNG) 
VRCQ and ARCQ 
D-KEFS naming 
Visual response control: ASD < ADHD, TD 
Auditory response control: ASD, ADHD < TD 
Naming interference control: ASD < ADHD, TD  
Flexibility / CANTAB ID/ED, D-
KEFS T-switch, CCTT2  
Total errors at advance stage: n.s. 
Task category switching score: ASD < ADHD, TD 
CCTT2 interference score: n.s. 
Planning / CANTAB SoC  Minimal moves, thinking time: n.s. 
WM / CANTAB SWM Spatial Span: ASD, ADHD < TD 
SWM between errors: ASD > ADHD, TD 
SWM strategy score: ASD > ADHD, TD 
Geurts et al 
(2004) 
 
ASD (n = 64), ADHD (n = 42) 
and TD (n = 41), aged 6-12 years 
Age but not FSIQ 
(ASD, ADHD < TD) 
11 ASD have ADHD-c 
type characteristics, and 
a further 5 have clinical 
diagnosis of ADHD. 
Inhibition / Change task, Circle 
drawing, TEA-Ch OW 
SSRT: ADHD, ASD >TD,  
SDRT: ASD > TD 
Circle time difference: ASD < TD 
OW time difference: n.s. 




Flexibility / Change task, 
WCST  
Change MRT: ASD > TD 
Change errors: n.s. 
WCST perseverative errors: ASD > ADHD, TD 
Planning / ToL  ToL beta score & decision time: n.s. 
ToL beta execution time: ASD > ADHD, TD 
WM / SoP SoP beta errors: n.s. 
Goldberg et 
al. (2005) 
ASD (n = 17), ADHD (n = 21) 
and TD (n = 32), aged 8–12 
years 
Age but not FSIQ 
(ASD < TD, ADHD) 
ASD+ADHD cases were 
excluded 
Inhibition / Stroop  Interference: n.s. 
Flexibility / CANTAB ID/ED  Trials to criterion: n.s. 
Planning / CANTAB SoC  Number of extra moves: n.s. 
WM / CANTAB SWM Total between-search errors: ASD, ADHD > TD 
Happé et al. 
(2006) 
ASD (n = 32), ADHD (n = 30) 
and TD (n = 32), aged 8–16 
years 
Age and FSIQ ASD+ADHD cases were 
excluded 
Inhibition / GNG Commission Errors: ADHD > ASD 
Omission Errors: ADHD > TD 
Flexibility / CANTAB ID/ED  Trials to criterion: n.s. 
Planning / CANTAB SoC  Number of extra moves: n.s. 
WM / CANTAB SWM Between search errors: ADHD > TD 
Johnson et al 
(2007) 
ASD (n = 21), ADHD (n = 23), 
and TD (n = 18), mean age 10–
12 years 
Age and FSIQ n = 12 ASD scored > cut-
off on CPRS 
Inhibition / GNG 
(fixed and random ISI) 
Commission errors (fixed): ADHD > ASD, TD 
Commission errors (random): ADHD, ASD > TD 
Omission errors (fixed and random): ADHD > ASD, TD 
Kado et al. 
(2012) 
ASD (n = 52), ADHD (n = 46) 
and TD (n = 52), aged 5-15 years 
Age and FSIQ ASD+ADHD cases were 
excluded  
Flexibility / k-WCST 
 
1st Step: Implicit rule 
Categories achieved: ASD, ADHD < TD 
Total errors: ASD, ADHD < TD 
Perseverative error: ADHD < TD 
2nd Step: Explicit rule 
Categories achieved: ASD, ADHD < TD 
Total errors: ASD, ADHD < TD 
Perseverative error: ASD < TD 
Kuijpers et al 
(2015) 
ASD (n = 46), ADHD (n = 37) 
and TD (n = 38), aged 6-12 
years. 
Age but not IQ 
(ASD, ADHD < 
TD), not covaried 
n/a Inhibition / Stop-signal task  SSRT: n.s. 
WM / 2-back task Number correct n.s. 
Nydén et al. 
(1999) 
ASD (n = 10), ADHD (n = 10) 
and TD (n =10), aged 8-11 years 
Age and FSIQ n/a Inhibition / GNG MRT auditory task (conflict): ASD, ADHD > TD 
MRT visual task (conflict): ASD, ADHD > TD 
MRT auditory task (sustain): ASD, ADHD > TD 
MRT visual task (sustain): ASD, ADHD > TD 




Flexibility / WCST Categories: ADHD < ASD, TD 
Ozonoff et al. 
(1999) 
ASD (n = 40), ADHD (n = 46) 
and TD (n = 29), aged 6-18 years 
Age but not FSIQ 
(TD > ASD) 
n/a Inhibition / Stroop task Colour-word test score: ADHD < ASD, TD 
Flexibility / WCST Perseverative responses: ASD > ADHD, TD 
Planning / ToH Planning strategy: ASD < ADHD, TD 
Sinzig et al 
(2008) 
ASD (n = 20), ADHD (n = 20), 
ASD+ ADHD (n = 20) and TD (n 




Formed the ASD+ADHD 
group 
Inhibition / GNG Commission errors: ADHD > ASD+ADHD, ASD, TD 
Omission errors: ADHD, ASD+ADHD > ASD, TD 
Flexibility / CANTAB ID/ED  Stages: ASD+ADHD > TD 
Errors: n.s. 
Planning / CANTAB SoC  Initial thinking time: ASD < ADHD 
Subsequent thinking time: ASD < TD 
Problem solved: n.s. 
WM / CANTAB SWM Errors: ADHD, ASD > TD 
Strategies: ADHD < ASD+ADHD, TD 
Unterrainer 
et al (2015) 
ASD (n = 18), ADHD (n = 42), 
ASD+ ADHD (n = 23) and TD (n 
= 42), aged 6-13 years 
 Formed the ASD+ADHD 
group 
Planning / ToL Problem solved: n.s. 
Initial thinking time: n.s. 
Van der 
Meer et al.  
(2012) 
ASD[+ADHD] (n = 41-56), ADHD 
[+ASD] (n = 45-59), ADHD (n = 
64-108) and TD (n = 234-416), 
aged 5-17 years 
Non-matching age 
(TD, ADHD < 
ADHD[+ASD], 
ASD[+ADHD]) and 




predominant ASD (with 
lesser ADHD) and 
predominant ADHD (with 
lesser ASD) 
Inhibition / Switch task Inhibition speed: n.s. 
Inhibition accuracy: n.s. 
Flexibility / Switch task Switching errors: n.s. 
Switching accuracy: n.s. 
WM / Backward visuospatial 
attention and backward verbal 
DS 
Visuospatial WM performance: ADHD[+ASD] < TD 
Verbal backward DS performance: ADHD < TD 
Winsler et al 
(2007) 
ASD (n = 33), ADHD (n = 21) 
and TD (n = 28), aged 7 -18 
years. 
 n/a Flexibility / WCST 
 
Perseverative errors: ASD > TD 
Yang et al. 
(2009) 
ASD (n = 20) ADHD (n = 26), 
and TD (n = 30), aged 3-15 years 
Age but not NVIQ 
(ASD < TD), 
covaried 
n/a Inhibition / Stroop task Count of interference trials: n.s. 
Flexibility / WCST Perseverative errors: n.s. 
WM / Corsi block task Sum of longest recalled sequence number: n.s. 
Yerys et al 
(2009) 
ASD (n = 28), ASD+ ADHD (n = 
21) and TD (n = 21), aged 6-13 
Age and FSIQ Formed the ASD+ADHD 
group 
WM / WISC-IV Backward DS,   
CANTAB SWM 
Backward DS: ASD+ADHD < ASD < TD 
Between search errors: n.s. 




years. Inhibition / TEA-Ch Walk Don’t 
Walk 
Total score: n.s. 
Studies in adults: 
Bramham et 
al (2009)  
ASD (n = 45), ADHD (n = 53), TD 
(n = 41), mean age 31-32 years 
Age and FSIQ n/a Planning / Zoo map test Accuracy and execution time: n.s. 
Planning time: ADHD < TD < ASD 
Total time: ADHD, TD < ASD 
Fried et al. 
(2016) 
ASD (n = 26), ADHD (n = 52), TD 
(n = 52) aged 18-40 years 
Age and FSIQ n = 16 ASD meet the 
criteria for ADHD, and a 
further n = 5 had 
subthreshold ADHD 
Inhibition / D-KEFS Stroop 
inhibition score 
Inhibition score: ASD < ADHD < TD 
Flexibility / D-KEFS TMT, 
DKEF Stroop switching score 
TMT-B: ASD < ADHD, TD 
Switching score ASD < ADHD, TD 
WM / WAIS-III Working 
memory 
WM score: ASD < ADHD, TD 
Gonzales-
Gadea et al. 
(2013) 
ASD (n = 23), ADHD (n = 22) 
and TD (n = 21), mean age 33-38 
years 
Age and IQ n/a WM / Letters and numbers, 
backward DS 
Backward DS recall score: ADHD < ASD, TD 
Letters and numbers recall score: ADHD < ASD, TD 
Flexibility / TMT, WCST TMT-B: n.s. 
WCST Perseverative errors: n.s. 
Planning / Hotel task  
Johnston et 
al. (2011) 
ASD (n = 24), ADHD (n = 24), 
and TD (n = 14), aged 18-55 
years 




n = 12 ADHD scores 
>100 on SRS, n = 1 ASD 
scored above ADHD cut-
off on Barkley  
Inhibition / Stroop test, Hayling 
test 
Colour-word standard score: ADHD < ASD, TD 
Hayling inhibition time scaled score; n.s. 
Nydén et al 
(2010) 
 
ASD (n = 55), ADHD (n = 73) and 
ASD+ADHD (n = 33), mean age 31-
33 years 
Age and FSIQ Formed the ASD+ADHD 
group 
WM / WAIS-R digit span Digit span: ADHD < population norm 
Planning / ToL Planning total number of moves: n.s. 
Planning total reaction times: n.s. 
Note. Abbreviations GNG = Go/no-go, SART = Sustained-attention to response task, WM = Working memory, WISC-IV LNS = Wechsler Intelligence Scale for Children 4th version Letter–Number Sequencing (working 
memory domain), FSIQ = Full-scale IQ, IVA-CPT = Integrated Visual and Auditory Continuous Performance Task, A/VRCQ = Audio/visual response control quotient, D-KEFS = Delis-Kaplan Executive Function System, 
CANTAB = Cambridge Neuropsychological Test Automated Battery, ID/ED = Internal/External Dimension shift task (part of CANTAB), SoC = Socks of Cambridge (part of CANTAB), SWM = spatial working memory (part of 
CANTAB), SoP = Self-order pointing task, CCTT2 = Children's Color Trails Test 2nd edition, WCST = Wisconsin Card Sort Task, k-WCST = Keio-WCST, a Japanese adaptation of the WCST, ToL = Tower of London task, 
Backward DS = Digit Span, TMT = Trail-Making Test, WAIS-III = Wechsler Adult Intelligence Scale 3rd version, VIQ = Verbal IQ, NVIQ = Nonverbal IQ, TEA-Ch = Test of Everyday Attention for Children, n/a = not available, 
n.s. = not significant. 




 The Aims of This Study 
Findings from studies in EF and SC among individuals with ASD and ADHD suggest 
both shared and specific neurocognitive difficulties in these conditions. Few studies 
have been undertaken in adults with ASD and ADHD, and even fewer included 
adults with ASD+ADHD to offer the lifespan perspective needed to understand the 
role of cognitive function in ASD and ADHD and their co-occurrence. This study 
therefore explored the neurocognitive similarities and differences in both EF and SC 
domains among adults with ASD, ADHD, and ASD+ADHD. The study took the 
perspective of fractionable cognitive function (Happé, Ronald, et al., 2006; E. L. Hill, 
2004) and therefore a range of cognitive subdomains of EF and SC were included. 
EF domains included response inhibition, sustained attention, working memory, 
cognitive flexibility, and delayed reward while SC components included ToM and 
FER. The aim of the study was to address the following questions: (1) what kinds of 
EF and SC difficulties are present in young adults with ASD relative to ADHD? (2) 
How would the cognitive difficulties in the ASD+ADHD group compare to those in 
the ASD and ADHD groups? And lastly (3) how would the difficulties in EF and SC 
relate to ASD or ADHD symptoms in adulthood? Based on previous studies 
impairments in EF were expected to be present in the ADHD group and not in the 
ASD group. An exception to the case is within the subdomain of cognitive flexibility, 
for which deficits were expected primarily in the ASD group. SC deficits were 
expected to occur in the ASD group but not in the ADHD group. The ASD+ADHD 
group was expected to display similar difficulties in the EF domain as the ADHD 
group and similar SC difficulties as the ASD group.  
 






One hundred and twelve young-adult males aged 20-27 years took part in this 
study, a subset of whom (N = 107) met the study criteria and were included in one 
of four diagnostic groups:  ASD (n = 26), ADHD (n = 28), ASD+ADHD (n = 27), and 
typically developing (TD) controls (n = 26). The study was approved by the 
Camberwell – St. Giles NHS Research Ethics Committee (13/LO/0373) and each 
participant gave informed consent to take part in this study. The general inclusion 
criteria for all participants were male with full-scale IQ (FSIQ) ≥ 70. The general 
exclusion criteria were neurological disorders such as epilepsy, personality disorder, 
active substance abuse or dependence, lifetime history of bipolar disorder or 
schizophrenia, or past head injury resulting in loss of consciousness ≥ 5 minutes. 
The participants in the ASD, ADHD and ASD+ADHD groups were recruited from 
several sources: (1) the South London and Maudsley Adult ASD and ADHD clinics; 
(2) the SNAP cohort, an epidemiological sample consisting of individuals 
characterised at the age of 10-12 years (see Baird et al. [2006] and Chapter 2 for 
details) and (3) through advertisements in newsletters of ASD and ADHD support 
organisations, social media networks, and universities. The individuals in the SNAP 
cohort took part in this study as a part of a wider follow-up study focusing on the 
adult outcome of individuals with ASD.   
The majority (n = 22) of individuals in the ASD group, including several who 
were part of the SNAP cohort, had clinical diagnoses of ASD. The remaining 
participants with no clinical diagnoses (n = 4) received research diagnoses as part 
of the SNAP cohort.  All but one individuals’ diagnosis, be it in form of research 
diagnoses through SNAP or clinical diagnoses through specialist clinics, were 
supported by gold-standard research diagnostic instruments the ADOS and/or the 




ADI-R (both the ADOS and the ADI-R [n = 24] and the ADOS only [n = 1]). The only 
participant with no history of assessments using the ADOS or ADI-R received a 
clinical diagnosis from a paediatric service in South London specialising in 
neurodevelopmental disorders. In terms of the time point of the diagnosis, most 
participants (n = 20) received research or clinical diagnoses of ASD in childhood 
and the remaining (n = 6) were diagnosed in adulthood through the South London 
and Maudsley adult ASD clinics. None of the participants in this group was on any 
psychotropic medications at the time of the study. 
The majority (n = 27) of participants from the ADHD group had ADHD 
diagnoses. Most of diagnoses (n = 21) were supported by research instruments the 
Diagnostic Interview for Adult ADHD (DIVA 2.0; Kooij, 2013) and two diagnoses 
were supported with the Conners’ Adult ADHD Diagnostic Interview for DSM-IV 
(CAADID; Conners, Erhardt, & Sparrow, 1999), all conducted by the clinicians in the 
specialist ADHD clinics; thus, the participants met criteria for ADHD specified by the 
DSM-IV or DSM-5. Four participants received their ADHD diagnoses in childhood 
which was subsequently confirmed in the specialist adult ADHD clinics but did not 
go through research assessments using the above research instruments. One 
remaining participant did not have ADHD clinical diagnosis but was referred by his 
GP to an adult ADHD specialist clinic. This participant was assessed by the 
researcher using the DIVA 2.0 interview conducted with the participant and his elder 
brother and an assessment of the participant’s childhood ADHD symptoms was 
obtained from the participant’s parents prior to the study using the CAARS and 
SDQ17+, confirming that he met the criteria for ADHD. Approximately half (n = 13) 
of the participants received their diagnoses in adulthood. The participants met 
criteria for combined ADHD (n = 18), followed by inattentive (n = 9), and hyperactive 
presentations (n = 1). Several participants (n = 5) were on current stimulant 
medication but withdrew for 48 hours prior to the study. Individuals taking non-




stimulant medications such as atomoxetine were excluded due to its prolonged 
wash-out period (up to 1 week). Three people with comorbid affective disorder were 
included in the study. These individuals were taking the selective serotonin 
response inhibitors (SSRIs) at the time of the study.   
The majority (n = 15) of participants in the ASD+ADHD group had clinical 
diagnoses of ASD in childhood. Few (n = 4) received research diagnosis in 
childhood through the SNAP study and the remaining (n = 8) received diagnosis in 
adulthood. Most of the individuals’ ASD diagnoses were supported by assessments 
on gold-standard diagnosis instruments the ADOS and/or the ADI-R (both the 
ADOS and the ADI-R [n = 24], the ADOS only [n = 1], the ADI-R only [n = 3]). Three 
participants received clinical diagnoses in childhood from specialist paediatric clinics 
in London. One participant was assessed using the Diagnostic Interview for Social 
and Communication Disorders (DISCO; Wing, Leekam, Libby, Gould, & Larcombe, 
2002) but the other two had no record of having received gold-standard 
assessments using the ADI-R, ADOS or DISCO. Most (n = 21) of these participants 
had current clinical ADHD diagnoses. A further five had a significant history of 
ADHD in childhood and met the current research diagnoses for ADHD based on the 
DSM-5, assessed by researcher in the SNAP team using the Young Adult 
Psychiatric Assessment (YAPA; Angold, Cox, Prendergast, Rutter, & Simonoff, 
2009). One participant was at the time of the study referred by his GP to an adult 
ADHD clinic, thus an interview using the DIVA 2.0 conducted by the researcher took 
place with the young adult and his parents prior to placing him into the ASD+ADHD 
group. Most (n = 13) participants were first diagnosed with ADHD in childhood while 
fewer than half of the participants (n = 8) were first diagnosed with ADHD in 
adulthood. As in the ADHD group, some participants were on psychostimulant 
medication (n = 10) and withdrew for 48 hours prior to the study. Four people took 




SSRIs, three of whom took the medication for affective disorder and one for ASD-
related ritualistic behaviour. 




Recruitment source n Total 












TD Universities 17 26 -- 
 
-- -- 
Community 9     
ASD SNAP cohort  21 26 25 22 -- 
SLaM ASD/ADHD clinics 3     
Community 2     
ADHD SLaM ASD/ADHD clinics   18 28 -- -- 27 
Other ADHD / CMH clinics 3     
Universities 3     
Community 4     
ASD+ 
ADHD 
SLaM ASD/ADHD clinics 14 27 23 23 21 
SNAP cohort 9     
Community 4     
Note. Abbreviations TD = Typically developing group, SNAP = Special Needs and Autism Project, SLaM = South London and 
Maudsley, CMH = Community mental health  
 
Typically developing controls were recruited from the local community, 
London universities and adult community colleges. In addition to the general 
inclusion criteria (male and FSIQ ≥ 70), a specific exclusion criterion for these 
individuals was having diagnoses of ASD, ADHD or any other psychiatric disorders, 
taking any psychotropic medication at the time of the study, and having self-ratings 
higher than thresholds for clinical concern on any domains of attention, 
hyperactivity, impulsivity, or reciprocal social behaviour on the Conners’ Adult 
ADHD Rating Scales or the Social Responsiveness Scale-2 (see descriptions of 
measures in section 3.2.2.2). 





 Cognitive Measures 
Wechsler Abbreviated Scale of Intelligence-II (WASI-II) 
The WASI-II (Wechsler, 2011) is an abbreviated measure of intelligence. It consists 
of two non-verbal, i.e., the block design and matrix reasoning, and two verbal tests, 
i.e., vocabulary and similarities, the total scores of which are used respectively to 
derive a perceptual reasoning index (PRI), a domain measure of nonverbal abilities 
and visuomotor/coordination skills, and a verbal comprehension index (VCI) a 
domain measure of crystallised abilities. The combination of all these measures, or 
a combination of the vocabulary and matrix reasoning tests only, were used 
estimate full-scale intelligent quotient (FSIQ-4 or FSIQ-2). The WASI-II was chosen 
over other measures as it is easily administered within the time constraints of the 
study. In general, the IQ estimates from WASI-II have high test-retest reliability (.88-
.92) and the measure has been tested in special group studies including in 
individuals with mild and moderate intellectual disability and ADHD (Wechsler, 
2011). Most participants (n = 102) completed all four subtests. Four participants 
completed only the two subtests due to the constraints of time so in these 
participants FSIQ-2 was used as an estimate of intelligence. Finally, one participant 
who was due to complete a full cognitive clinical assessment did not complete the 
WASI to prevent any interference with his assessment in the clinic. The PRI and 
VCI scores from the participant’s clinical assessment were used with his permission 
to impute and FSIQ score. These scores were originally estimated using the 
Wechsler Adult Intelligence Scale (WAIS-IV; Wechsler, 2008). 




 Behavioural Symptom Measures 
Conners’ Adult ADHD Rating Scales (CAARS) 
The CAARS was used to assess the level of ADHD symptoms in the samples. The 
scales are available in screening, long and short versions; each with separate 
informant- and self-report forms (Conners et al., 1999). The scale has not been 
validated in adults with ASD; however, surveys of the general population indicate 
internal reliability ranging from .64 to .89, and test-retest reliability of .80-.91 for 
scores of ADHD symptom domains among males aged 18-29 years, as specified in 
the manual (Conners et al., 1999). The long scale consists of 66 items and 
produces eight domain scores, e.g., DSM-IV inattentive symptoms, DSM-IV 
hyperactivity-impulsivity symptoms, DSM-IV ADHD symptom numbers, and the 
ADHD index, which were used to conduct group comparison of ADHD symptom 
severity in this study. The short scale consists of 26 items, which are a subset of 
items from the long scale, and yields the first five domain scores, e.g., 
inattention/memory problems, hyperactivity/ restlessness, impulsivity/emotional 
lability and ADHD index. The ADHD index is derived using the same items and 
algorithms in both scales. Each item of the CAARS is given a rating “not at all, 
never”, “just a little, once in a while”, “pretty much, often” or “very much, very 
frequently”. Informant reports, especially from parents, are more diagnostically 
sensitive compared to self-report possibly because the young adults tend to 
underreport their symptoms (Kooij et al., 2008; Sibley et al., 2012). Therefore, the 
long-version of CAARS were collected from each young adult and an informant, a 
person who knows the young adult well, whether they are parent, sibling or partner. 
Only short scales of the CAARS were completed by participants in the SNAP cohort 
(n = 30) and their parents as part of their battery of psychiatric assessments. Efforts 
were made to collect these additional data from parents of young adults in the 




SNAP cohort; however, few participants (n = 4) had missing data, therefore relevant 
scores were imputed from the short scale to replace these missing values.   
Social Responsiveness Scale-2 (SRS-2) 
The SRS-2 (Constantino & Gruber, 2012) is a measure of reciprocal social 
behaviour and autistic traits. The questionnaire contains 65 items, which produce a 
total score reflecting the overall autistic traits. This overall score can be divided into 
separate domain scores of social communication/interaction (SCI) and repetitive 
behaviours (RRB). Among adults with ASD, typically developing adults and mixed 
psychiatric samples, high internal consistency was found in the different domain 
scores (.71-.89), with the highest index of internal consistency was found among 
individuals in the ASD group (Bölte, 2012). In the current study, the SRS t-scores 
were used as an index of autistic symptom severity. Social functioning rating 
discrepancy has been observed between youth with autism and their parents, 
attributed to difficulties in self-perceptions in ASD (Lerner, Calhoun, Mikami, & De 
Los Reyes, 2012). For this reason, self-ratings were collected from all young adults 
and informant ratings were gathered for the young adults in the clinical group from 
people who know the individual well, e.g., parent, sibling or partner. 
Strengths and Difficulties Questionnaires (SDQ17+)  
The SDQ17+ is an adaptation of the SDQ for adolescents and adults aged 17 years 
and above. The questionnaire is a subtle modification of the child measure, leaving 
out references to school, parents, teacher or homework (kindly provided by 
Professor Robert Goodman from the Institute of Psychiatry, Psychology and 
Neuroscience, King’s College London). As with the child SDQ, this questionnaire 
consists of 25 items, each to be rated “not true”, “sometimes true”, or “certainly 
true”, which produce five domain scores of emotional symptoms, conduct problems, 
hyperactivity/ inattention, peer relationship problems, and prosocial behaviour (R. 




Goodman et al., 2003). The child questionnaire is widely recognised as a screening 
measure of children’s mental health with good reliability and validity although this 
has not been specifically validated in adults or in an ASD population. However, the 
measure has been used in a previous study involving adolescents with ASD 
(Simonoff et al., 2013). This measure was collected from all young adults, and 
additional informant-ratings were collected from the parent, sibling, or partner, of the 
participants in the clinical groups. 
 EF Measures 
GNG 
This task is part of the Maudsley Attention and Response Suppression (MARS; 
Rubia, Smith, & Taylor, 2007) neurocognitive task battery and is a measure of 
inhibition to prepotent response. This task requires participants to respond 
continuously to stimuli and to withdraw their responses occasionally. Variants of this 
task is known to differentiate adults with ADHD from TD with moderate to large 
effect size (e.g., Fischer et al., 2005; K. R. Murphy et al., 2001; Silva et al., 2013). 
The MARS GNG consists of 150 trials comprising green airplanes, i.e., the “Go” 
cues, and exploding planets, i.e., the “No-Go” cues, with a ratio of 11:4, presented 
in a pseudorandomised sequence. Each stimulus appears for 300 ms and is 
followed by a constant interstimulus interval (ISI) of 700 ms. Participants were 
instructed to respond to the Go cue and inhibit their response when the No-Go cue 
appeared. The task was run in two blocks of approximately 2.5 minutes each, to be 
completed once with each hand. The key measures of inhibitory function from this 
task were commission and premature response errors, while mean response time 
(MRT) to go signals, intra-subject standard deviation of response time (SDRT) to go 
signal, and omission errors indexed inattention (Bezdjian, Baker, Lozano, & Raine, 




2009; Trommer, Hoeppner, Lorber, & Armstrong, 1988). Higher values in these 
variables indexed greater difficulties.   
Continuous Performance Task (CPT-AX)  
The CPT-AX is also from the MARS battery and is a measure of sustained attention. 
During the task, a sequence of letters from the alphabet “A” to “L”, and the letters 
“O” and “X” were presented on a screen for 300 ms followed by an ISI of 700 ms. 
Participants were instructed to respond to the letter “X” or “O” if it was immediately 
preceded by the letter “A”, and not respond if it was preceded by any other letter. 
There were 60 target sequences among 480 letter trials and the task lasted for 8 
minutes. Omission errors, i.e., not responding when supposed to, MRT and SDRT, 
computed from the correctly executed trials, were the primary variables indexing 
inattention. Secondary variables were commission errors and premature errors, 
thought to index inhibitory difficulties (Epstein et al., 2003; Huang-Pollock, 
Karalunas, Tam, & Moore, 2012). Higher values on these variables indicated 
increased difficulties on the task. 
Dot-in-the-Box Task  
This task taps visuospatial working memory and has been used in several recent 
studies comparing children and adults with ADHD to healthy controls (Alderson et 
al., 2013; M. D. Rapport et al., 2008). The task design takes into account storage of 
memory, maintenance, and manipulation of information, i.e., the executive demand 
(Baddeley, 2003). It also has high executive demands and assesses performance in 
incremental load of memory, thus has greater sensitivity for distinguishing the 
ADHD group from controls (Kasper et al., 2012). This computerised task was 
presented on Superlab 4.5. The task consisted of four approximately 5-minute 
blocks of 24 trials. In each trial a sequence of coloured dots (one red and the 
remaining black) was presented one at a time among nine equally sized adjacent 




squares or “boxes”. Each dot remained for 800 ms with an ISI of 200 ms and no 
dots appeared in the same square. At the end of each trial, the participants were 
prompted to reproduce the sequence by clicking on the boxes, leaving the red dot 
last. The blocks became progressively more difficult as the sequence length was 
increased by adding one black dot. Each participant completed this task using his 
non-dominant hand. Only valid responses, where the mouse click was inside a 
square, were used to score performance. The mean number of correct responses 
per trial was used in a previous study as a measure of working memory ability (M. 
D. Rapport et al., 2008). The number or errors for each block was used to 
operationalise difficulties and the number of errors within each block were analysed 
to assess the influence of difficulty levels on performance. Also indexing the 
performance were the MRT and the SDRT. Poorer performance would be reflected 
by greater values on these variables. 
Wisconsin Card Sort Task (WCST) 
The WCST measures cognitive flexibility, i.e., the ability to engage and disengage 
from one set of rules to another (Berg, 1948). A computerised WCST (PAR Inc., 
Florida; Heaton, 2003) was used in this study. In this task, participants were 
required to match a card from a “deck” of 64 cards displayed at the bottom of the 
screen, against four “key” cards shown on the top. Each card from the deck 
displayed symbols that could be sorted by shape, colour, or number, although the 
participants were not given any explicit rules. Participants matched the card from 
the deck against the four key cards by clicking on a box displayed under each key 
card.  Feedback was given by the computer about the correctness of matching and 
participants were told to try to match the next card correctly when a mistake 
occurred.  When the participants correctly sorted 10 cards in successions, the 
sorting-rule changed following a predetermined order. The correct sorting count 
reset to zero when the participants made a sorting mistake. Persistence in using the 




same rule for sorting the cards once the new rule commenced was scored as 
“perseverative error”, the key variable in this study. This task was completed in 5-10 
minutes.    
Temporal Reward Discounting Task 
This task taps reward discounting over time, i.e., the rate at which reward devalues 
over a period of time (Myerson, Green, & Morris, 2011). Participants were given the 
option of receiving a hypothetical sum of money “now” or £100 after a fixed delayed 
timespan (a week, a month, a year, and two years). The task was completed in four 
blocks. Each block corresponded to one of the time frames, in randomised order, 
and consisted of 25 binary choices. The reward offered varied according to an 
algorithm that took into account previous choices, thus allowing the choices to 
converge to an “indifference point” considered as the reward equivalent for the time 
delay according to the participants. Delay discounting was measured using the area 
under the curve (AUC), considered appropriate for investigations with quantitative 
inferential statistics (Myerson et al., 2011). Smaller AUC indicated steeper 
discounting rates or increased choice impulsivity.  
 SC Measures 
Emotional Multi-Morph Task  
This task assesses emotion recognition and sensitivity to emotional expression in 
faces and is a variant of a previously published task (Wallace et al., 2011). The task 
was modified to be fully computerised using the Superlab 4.5 software. It used 24 
pairs (emotional/neutral) of face photos of individuals taken from the NimStim set 
(Tottenham et al. [2009]; http://www.macbrain.org/resources.htm). Each emotional 
face displayed one of six categories of emotion (happy, sad, angry, frightened, 
disgusted, and surprised) and there were four different individual faces for each 
emotion category. The task consisted of three blocks of eight runs and each run 




consisted of 20 trials showing morphed images of the same individual presented in 
order of affective strength from neutral to reveal one of the emotions. Each trial 
started with a 500 ms fixation cross followed by the face image which lasted for 
1250 ms, and was concluded by a forced choice event for the participant to either 
identify the emotional expression, or to request for the next slide. The participants 
could revise their answers if they thought they had made a mistake. The sensitivity 
to emotion was derived from the affective strength of the image required to gain a 
response, averaged over the correct trials only. Emotion recognition difficulties were 
judged according to the total number of errors. Higher scores on both variables 
indicated greater difficulties in recognising emotion in faces.  
Strange Stories Test  
This task was designed to tap ToM or mentalising abilities (Happé, 1994; S. White, 
Hill, Happé, & Frith, 2009) and consisted of short stories about a character 
committing lies, double-bluffs, or emotional manipulation. In the current study, all 
stories were presented as text on a computer screen (presented using Superlab 
4.5) accompanied by a pre-recorded story. To minimise memory load, both text and 
questions continued to appear on the screen once the voice-over ended and 
participants could re-read the story when necessary. The probe question required 
verbal responses within a one-minute window. The key variable was the mentalising 
attributional ability, coded zero to two for each question, according to the degree of 
correctness and explicitness of the answer. Higher scores here represented better 
ToM ability and were revered for analysis to operationalise impairments.   
 Procedure 
Participants in this study took part in an extensive examination investigating the 
behavioural and neural correlates of ADHD symptoms in individuals with ASD. The 
study involved the measures described above, i.e., questionnaires, IQ and the 




battery of neurocognitive assessments. Further, some neuroimaging investigations 
(described in Chapters 5 and 6) were also undertaken with the participants. This 
entire battery extended over two sessions of approximately 2.5 hours each. The 
entire assessment was completed within one day or on two separate occasions 
within the same week, depending on the participants’ preference. Participants who 
completed the study in one day conducted the two sessions separated with a lunch 
break. Participants were given £50 in return for their time upon completion of the 
study. 
Table 3-4: Neurocognitive domains, tasks and variables used in this study 
EF/SC Domain Task Key variables Parametric 
characteristics 















































Note. Abbreviations: EF= executive function, GNG = go/no-go task, CPT = continuous performance task, SDRT = standard 
deviation of response time, i.e., intra-subject response time variability, MRT = mean response time, WCST = Wisconsin card sort 
task, and ToM = theory of mind. * denoted the primary task variables for the task. 




 Statistical Analysis 
 Analyses of Demographic Data and Behavioural Reports 
Statistical analyses were performed using IBM SPSS Statistics for Windows version 
22 (IBM Corp., 2013). Group differences on continuous data of sample 
characteristics such as age and IQ were assessed using the univariate ANOVAs, 
while discrete variables such as medication use and diagnosis status were all 
analysed using Chi-square tests. Group differences in related domain scores such 
as ADHD traits were analysed in the first instance using the MANOVA. This step of 
analysis is introduced to protect against Type I error associated with multiple 
comparisons using univariate ANOVAs. Once group differences were established 
through the MANOVA, univariate ANOVAs were used to investigate the effect of 
group on each domain score. As the emotional/behavioural domain scores of 
SDQ17+ represent independent psychiatric construct, they were analysed 
separately using the univariate ANOVAs. The group differences on the univariate 
ANOVAs were further assessed using multiple pairwise comparisons, Dunn-Sidak 
corrected for independent groups.    
 Analyses of Neurocognitive Performance 
Analyses were conducted separately for the EF and SC sets of variables as these 
two domains represent independent constructs. The independent variable here was 
the group with four levels: (1) ASD, (2) ADHD, (3) ASD+ADHD and (4) TD, while the 
dependent variables were key variables derived from the neurocognitive measures.  
To control for multiple testing, MANOVA was conducted in the first instance. As the 
power of MANOVA is reduced upon inclusion of variables not meeting the 
parametric assumption, only a subset of 14 of 19 variables in Table 3-4 (11 EF and 
three SC) were included. The remaining variables were analysed on a univariate 
basis using non-parametric statistics as supporting information. The 14 variables 




were normalised where necessary and standardised into Z-scores. Outliers were 
detected using multivariate strategies outlined by Tabachnick and Fidell (2014). 
Briefly, Mahalanobis distance within the domains of EF and SC was computed 
within group and compared against the critical χ2 values of 31.3 and 16.3, 
corresponding to the df = 11 and 3 (and p =.001 cut-off), i.e., the number of 
variables within the EF and SC domains, respectively. Outliers were excluded from 
this point of the analysis onward.  
Analyses of variance, covarying for IQ were chosen to explore the 
differences across groups. IQ is thought be an inherent confounder among people 
neurodevelopmental conditions and acceptable in cases where groups do not 
inherently differ in IQ (Dennis et al., 2009; G. M. Miller & Chapman, 2001). In cases 
where individuals with the neurodevelopmental conditions were compared against 
typically developing controls, IQ does not meet the definition for covariate. However, 
the comparisons of interest in this study were across three clinical groups with 
differing mean IQ, two of which (ASD, ADHD) often associated with reduced IQ 
(e.g., Charman et al., 2011; Kuntsi et al., 2004; Postorino et al., 2016; Rommel, 
Rijsdijk, Greven, Asherson, & Kuntsi, 2015). For this reason, MANCOVAs with FSIQ 
as a covariate were favoured in this study to allow the comparison between the 
different clinical groups. As reported in the next sections, IQ influenced the group 
effect in EF, and the effect remained significant once IQ was covaried. To explore 
the group effect in each subdomain of EF, a series of univariate ANCOVAs was 
carried out on each variable with IQ covaried. Multiple pairwise comparisons, Dunn-
Sidak corrected for independent groups, were conducted to see the pairwise 
differences between groups.  
Although no omnibus group differences in the SC domain were found having 
controlled for IQ, group effects were explored on SC without covarying for IQ. The 
reason for this was that IQ has been thought to be inherently confounded in 




individuals with neurodevelopmental conditions and these findings might be 
representative of difficulties found in the samples (Dennis et al., 2009; J. M. J. van 
der Meer et al., 2012), therefore reporting these group differences could be 
important for comparison against other investigation. Multiple comparisons were 
also carried out to explore the pairwise differences between groups in the SC 
domain, Dunn-Sidak corrected. In both EF and SC domains, the group effects 
among variables that did not meet the parametric assumption were explored using 
Kruskal-Wallis ANOVAs. Finally, as typically explored in previous investigations 
(Happé, Booth, et al., 2006; Sinzig, Morsch, Bruning, et al., 2008), the associations 
between cognitive deficits and symptoms over and above those accounted by the 
diagnostic status were investigated. Multivariate regression tests including key 
parametric variables in the EF and SC domains as outcome variables were carried 
out when group effects were significant. In these additional analyses, IQ, group, and 
self-rated ADHD or ASD symptoms (ADHD index or SRS total score) were entered 
as predictors for the key cognitive variables. 
 
 Results  
 Participant Demographics and Behavioural Characteristics 
Two multivariate outliers were detected in the SC domain; none was found in the EF 
domain. These outliers were one TD participant and another with ADHD. Their data 
were rejected from the final analyses therefore resulting in a participant pool 
comprising of 25 controls, 26 individuals with ASD, 27 individuals with ASD+ADHD 
and 27 individuals with ADHD. The participants’ demographic and behavioural 
characteristics are presented in Table 3-5. Group comparisons indicated no 
significant difference in age, F(3, 100) = .71, p = .63. However, there were 




significant differences in FSIQ, F(3, 100) = 5.78, p = .001, with individuals in the TD 
and ADHD groups having significantly higher IQ than the ASD group (ps <.001).  
 CAARS 
The MANOVA analyses on self- and informant-ratings using the CAARS t-scores 
showed significant group effects, F(12, 257) = 13.3, p < .001; Wilk's Λ = .28, 
ηp2=.35, and, F(8, 142) = 12.7, p < .001; Wilk's Λ = .34, ηp2=.42, respectively. Group 
effect on the self-rating of symptoms of inattention, F(3, 100) = 39.4, p < .001, 
hyperactivity, F(3, 100) = 27.9, p < .001, impulsivity, F(3, 100) = 19.4, p < .001, and 
overall ADHD index, F(3, 100) = 35.1, p < .001, were all significant, with most 
ratings of symptom domains higher in the ADHD and ASD+ADHD groups compared 
to the TD and ASD groups (all ps < .001), while comparisons between TD and ASD 
pairs, and between ADHD and ASD+ADHD pairs did not differ significantly (most ps 
> .43 except the hyperactivity ratings between ASD+ADHD and ADHD, p = .08). 
Analyses of the informant-ratings of ADHD symptoms supported the self-rating 
findings in the clinical groups. Significant group differences were found for 
informant-ratings on DSM-IV inattention symptoms, F(2, 75) = 40.0, p < .001, 
hyperactivity/impulsivity symptoms, F(2, 75) = 13.4, p < .001, number of symptom, 
F(2, 75) = 33.2, p < .001, and ADHD index, F(2, 75) = 29.0, p < .001, with higher 
endorsement of ADHD symptoms in the ADHD and ASD+ADHD groups than the 
ASD alone (all ps ≤ .001).  
 SRS-2 
Univariate ANOVAs showed significant differences on the SRS-2 total t-scores 
across groups according to self-ratings, F(3, 100) = 20.1, p < .001, and informant-
ratings, F(2, 75) = 11.5, p < .001. Young adults across all clinical groups rated 
themselves as having more ASD symptoms than the TD group (ps < .001), and no 
significant pairwise differences were found among the clinical groups (ps > .14, 




except between ASD and ASD+ADHD, p = .071). Informants for the young adults in 
the ASD and the ASD+ADHD groups rated them as having higher levels of ASD 
symptoms than informants in the ADHD groups (p = .046 and p < .001), whereas 
the difference between ASD and ASD+ADHD was not significant (p = .068).  
 SDQ17+ 
Significant group effects on self-ratings of difficulties were found for all domains, i.e., 
hyperactivity/inattention, F(3, 100) = 47.1, p < .001, where ratings of difficulties were 
higher in the ASD+ADHD and ADHD than ASD and TD (all ps < .001); emotional 
problems, F(3, 100) = 13.0, p < .001, where all three clinical groups had higher 
ratings than the TD group, ps < .001; conduct problems, F(3, 100) = 8.4, p < .001, 
where higher ratings were found in the ASD+ADHD and ADHD relative to ASD and 
TD; and lastly problems with peers relation, F(3, 100) = 3.4, p = .022, although post-
hoc comparisons did not find significant pairwise differences across groups. 
Informant-ratings mostly supported the findings from the self-ratings. Significant 
group effects in hyperactivity/inattention, F(2, 74) = 40.8, p < .001, conduct, F(2, 74) 
= 11.8, p < .001, and peer problems, F(2, 74) = 9.7, p < .001, were found and 
marginal group effect was observed for emotional problems, F(2, 74) = 2.6, p = .08. 
Post-hoc comparisons showed that informants of young adults with ASD+ADHD or 
ADHD rated the participants to have hyperactivity/inattention and conduct problems 
than informants of participants with ASD or TD (ps ≤ .001). Emotional problems 
were marginally higher in the ASD+ADHD than in ASD (p = .078). Finally, peer 
relationship problems were rated higher in the ASD group and the ASD+ADHD than 
the ADHD groups (ps <.05 and <.001) and all other pairwise differences were non-
significant (p > .15). 




Table 3-5: Participants characteristics for the neurocognitive study.  
 
TD 
(n = 25) 
ASD 
(n = 26) 
ADHD 
(n = 27) 
ASD+ADHD 
(n =27) 
Group comparison Post-hoc 
M SD M SD M SD M SD F df p  
Age 23.3 1.5 22.8 .9 23 1.9 23.1 1.3 .62 3, 101 n.s. -- 
FSIQ 117.2 12.3 101.6 18.4 115.2 14.3 106.8 15.7 5.9 3, 101 .001 ADHD, TD > ASD 
ADHD DX in adult (%) -- -- -- -- 48.1 -- 40.7 -- .79* 1, 54 n.s. -- 
CAARS self (t-scores)a            
 Inattention 44.6 6.9 46.4 11.7 65.4 9.0 63.1 10.4 39.4 3, 100 <.001 ADHD, ASD+ADHD > ASD, TD 
 Hyperactive 45.3 8.5 45.6 6.8 64.9 10.1 58.5 11.4 27.9 3, 100 <.001 ADHD > ASD+ADHD > ASD, TD 
 Impulsive 41.3 5.9 43.7 11.0 57.0 9.8 54.9 10.9 19.4 3, 100 <.001 ADHD, ASD+ADHD > ASD, TD 
 ADHD index 42.3 8.4 44.9 11.6 64.6 8.5 59.9 11.5 35.1 3, 100 <.001 ADHD, ASD+ADHD > ASD, TD 
CAARS informant (t-scores)b           
 DSM-IV inattention -- -- 57.4 12.4 77.2 20.2 80.6 17.9 40.0 2, 75 <.001 ADHD, ASD+ADHD > ASD 
 DSM-IV hyperactive -- -- 47.7 10.6 67.7 18.0 67.2 17.9 13.4 2, 75 <.001 ADHD, ASD+ADHD > ASD 
 DSM-IV symptom number -- -- 52.3 13.1 74.5 21.7 77.5 21.6 33.2 2, 75 <.001 ADHD, ASD+ADHD > ASD 
 ADHD index -- -- 48.4 7.4 61.5 16.3 65.2 16.5 29.0 2, 75 <.001 ADHD, ASD+ADHD > ASD 
SRS-2 self (t-scores)               
 Total SRS score 48.8 5.9 61.0 8.5 61.8 7.8 67.2 11.7 20.1 3, 100 <.001 ASD, ASD+ADHD, ADHD > TD 
SRS-2 informant (t-scores)                
 Total SRS score -- -- 64.1 8.3 57.1 10.9 70.7 11.5 11.5 2, 75 <.001 ASD, ASD+ADHD > ADHD 
SDQ17+ self             
 Hyperactivity 2.5 1.8 3.4 2.1 7.4 1.4 6.9 1.9 47.1 3, 100 <.001 ADHD, ASD+ADHD > ASD, TD 
 Emotion 1.2 1.4 4.3 2.5 4.3 2.4 4.6 2.5 13.0 3, 100 <.001 ASD, ASD+ADHD, ADHD > TD 
 Conduct 1.3 1.2 1.6 .9 2.9 2.0 2.9 1.8 8.4 3, 100 <.001 ADHD, ASD+ADHD > ASD, TD 
 Peer relations 2.6 1.9 3.5 1.7 2.2 1.5 3.5 2.0 3.4 3, 100 .02 -- 
SDQ17+ informantc             
 Hyperactivity -- -- 3.3 1.9 7.5 2.0 7.2 1.7 40.8 2, 74 <.001 ADHD, ASD+ADHD > ASD 
 Emotion -- -- 3.3 2.0 4.2 2.5 4.8 2.7 2.6 2, 74 .08 -- 
 Conduct -- -- 1.2 .8 3.4 2.3 3.6 2.3 11.8 2, 74 <.001 ADHD, ASD+ADHD > ASD 
 Peer relations -- -- 3.5 1.5 2.3 1.8 4.5 2.1 9.7 2, 74 <.001 ASD, ASD+ADHD > ADHD 
Note.   Abbreviations M = mean, SD = standard deviation, FSIQ = full-scale IQ, DX = diagnosis, CAARS = Conners Adult ADHD Rating Scale, SRS = Social Responsiveness Scale version 2, SDQ17+ = 
Strengths and Difficulties Questionnaires for age 17 years and above, n.s. = not significant. Self-rated symptoms were indicated by ‘self’, while informant-rated symptoms (filled in by parents, partner, 
relatives or childhood friend) were indicated by ‘informant’. a,b CAARS-self questionnaires were rated on the short form, whilst CAARS-informants were rated on the long versions thus generating different 
domain scores. c An SDQ17+ questionnaire was not returned by the participant’s parents thus the degree of freedom was fewer by one.  




 Multivariate Group Comparisons on EF and SC 




(n = 25) 
ASD 
(n = 26) 
ADHD 
(n = 27) 
ASD+ADHD 
(n = 27) 
GNG     
 Commission errors (%) 14.8 (11.4) 24.4 (17.3) 34.6 (18.6) 32.0 (14.9) 
 Go SDRT 58.8 (16.3) 67.5 (22.3) 75.9 (27.5) 79.0 (38.6) 
 Go MRT 298.4 (39.3) 297.3 (37.9) 305.8 (34.3) 296.8 (34.2) 
 Premature errors (%) .60 (1.2) 1.4 (1.9) 2.6 (3.2) 4.7 (9.2) 
 Omission errors (%) .36 (.49) .77 (1.1) 1.5 (2.3) 2.3 (4.1) 
CPT-AX     
 Omission errors (%) 2.1 (2.2) 6.2 (8.4) 9.5 (7.3) 6.5 (9.7) 
 Target SDRT 86.2 (29.5) 90.2 (31.9) 113.9 (38.9) 90.4 (28.2) 
 Target MRT 448.7 (67.3) 461.0 (65.4) 475.1 (57.2) 441.8 (84.6) 
 Premature errors (%) .06 (.21) .10 (.37) .18 (.29) .12 (.48) 
 Commission errors (%) .16 (.22) .70 (1.4) .73 (.76) 1.1 (2.3) 
Dot in the box task      
 Overall Errors 61.3 (37.0) 124.5 (89.0) 102.8 (60.6) 131.7 (79.5) 
 Overall SDRT 401.1 (150.1) 469.1 (205.6) 551.9 (198.3) 515.5 (182.3) 
 Overall MRT 855.4 (151.3) 945.1 (172.4) 916.7 (182.7) 895.4 (179.4) 
WCST     
 Perseverative Errors 6.8 (3.4) 8.9 (7.0) 8.0 (4.2) 7.8 (4.1) 












    
 Sensitivity .49 (.08) .55 (.10) .48 (.09) .50 (.08) 
 Recognition errors 1.3 (1.2) 3.1 (2.7) 1.9 (1.5) 2.2 (1.4) 
Strange Stories     
 Attribution errors .64 (.76) 2.62 (2.4) .85 (1.1) 1.67 (1.7) 
Note. Abbreviations EF = executive function, SC = social cognition, GNG = go/no-go task, CPT-AX = continuous performance 
task-AX, SDRT = standard deviation of response time, MRT = mean response time, AUC = area under the curve.  
 
Descriptive data for neurocognitive performance across participant groups are 
presented in Table 3-6. Omnibus MANOVA tests on EF variables indicated 
differences across groups, F(33, 266) = 2.04, p = .001; Wilk's Λ = .51, ηp2 = .20. 
Subsequent MANCOVAs revealed significant main effects for both FSIQ, F(11, 89) 
= 5.44, p < .001; Wilk's Λ = .60, ηp2 = .40, and group, F(33, 263) = 1.89, p = .003, 
Wilk's Λ = .53, ηp2 = .19, indicating that the group differences were robust after 
covarying for IQ. In the SC domain, the omnibus MANOVA revealed an overall 




significant group difference, F(9, 241) = 2.94, p = .002; Wilk's Λ = .78, ηp2 =.08. 
However, these differences appeared to be IQ-dependent as the MANCOVA 
yielded a significant effect of IQ, F(3, 98) = 15.1, p < .001; Wilk's Λ = .68, ηp2 = .32, 
but not group, F(9, 239) = 1.31, p = .23; Wilk's Λ = .89, ηp2 = .04, on the SC 
performance.  
 Univariate Analyses on Performance Indices on Each Task 
 GNG 
Univariate ANCOVAs showed differences across groups on commission errors, F(3, 
101) = 7.77, p < .001, ηp2 = .19. Post-hoc analyses revealed higher commission 
errors by ADHD and ASD+ADHD groups relative to TD, ps ≤ .001, and higher 
commission errors by ASD+ADHD relative to the ASD group, approaching 
significance, p = .054. The ASD group performed between the TD and ADHD 
groups. Differences in SDRT among groups were significant, F(3, 101) = 2.72, p = 
.049, ηp2 = .08, however pairwise group comparisons were not significant. The MRT 
did not differ between groups. Secondary variable analyses using Kruskal-Wallis 
ANOVA, revealed group effect on the number of premature response, H(3, N = 105) 
= 2.5, p = .005, with more premature errors committed by the ADHD, p = .016, and 
ASD+ADHD group, p = .009, than the TD group. A group effect was also found for 
omission errors, H(3, N = 105) = 7.1, p = .016, where more errors were committed 
by individuals in the ASD+ADHD group than the TD group, p = .01 (see Figure 3-1). 
Regression analyses suggested that the influence of ADHD symptoms on 
commission errors over and above diagnostic status was not significant, β = .16, 
t(100) = 1.30, p = .20. While increased ADHD symptoms appeared to be associated 
with significant increase of SDRT, β = .32, t(100) = 2.69, p = .008, the associations 
merely replaced the effect of diagnostic status found in a model including diagnostic 
group and FSIQ, β = .24, t(101) = 2.71, p = .008. Therefore, self-rated ADHD 




symptoms did not predict key variables of the GNG task over and above what 
already accounted by the diagnostic status and IQ. 




Note. Between group comparisons of Z-
scores of commission errors, SDRT (RT 
variability) and mean RT; and percent 
premature responses and omission errors. 
Error bars represent 95% confidence 
intervals. (A) Commission errors were 
significantly higher in ADHD and ASD+ADHD 
relative to typically developing (TD) controls, 
and near-significant difference between 
ASD+ ADHD relative to the ASD group. (B) 
SDRT analyses showed significant group-
effect but no significant pairwise differences. 
(C) The MRT was not significantly different 
between groups. (D) Premature responses 
were significantly higher in the ADHD and 
ASD+ADHD than the controls. (E) Omission 
errors were significantly different between 
ASD+ADHD group than the controls. * p < 
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ANCOVA showed that omission errors differed across groups, F(3, 100) = 6.89, p < 
.001, ηp2 = .17. Pairwise comparison showed that the ADHD group omitted more 
responses than the TD (p <.001) and the ASD group (p = .016). Likewise, intra-
subject SDRT to target stimuli differed across groups, F(3, 100) = 3.74, p = .014, ηp2 
= .10.  The ADHD group’s SDRT was higher than that for the TD (p = .026) and 
ASD group (p = .049) and the ASD+ADHD appeared to be an intermediate group 
that did not differ from the TD, ASD pairs and from the ADHD group. The MRT did 
not differ across groups, F(3, 100) = 1.04, p = .38. A group effect was observed in 
the number of commission errors, H(3, N = 104) = 16.3, p = .001, with the 
ASD+ADHD and the ADHD group making more commission errors than the TD 
group (ps ≤ .003), while the group effect in the number of premature responses was 
not significant, H(3, N = 104) = 6.6, p = .07 (Figure 3-2). ADHD symptoms did not 
influence the number of omission errors, β = .09, t(99) =.65, p = .52, or the SDRT, β 
= .14, t(99) = 1.09, p = .28, over and above the influence of the diagnostic status. 
 Dot-in-the-Box 
Figure 3-3 shows the global performance om the working memory task across 
groups. A significant group effect was found in the overall number of errors, F(3, 
100) = 4.06, p = .009 ηp2 = .11, and the SDRT, F(3, 100) = 2.95, p = .036, ηp2 = .08, 
but not the MRT, F(3, 100) = .84, p = .47. Post-hoc pairwise comparisons indicated 
that individuals with ASD+ADHD and ADHD made more errors than TD (ps = .022 
and .023). With respect to total errors, the ASD group between TD and ASD+ADHD 
as it did not differ pairwise from either group (ps > .5). No pairwise group differences 
were found for the SDRT (ps > .1).  The influence of ADHD symptoms was not 
significant on the number of total errors, β = .14, t(100) =1.3, p = .20. or the SDRT, 
β = .09, t(100) = .65, p = .52, over the diagnostic status.  









Note. Bar charts representing mean Z-
scores of omission errors, SDRT (RT 
variability) and mean RT; and percent 
commission errors and premature errors 
across groups, with error bars reflecting 
95% confidence intervals. Findings showed 
that (A) Omission errors and (B) SDRT 
were significantly higher in the ADHD group 
relative to ASD group and typically 
developing (TD) controls, (C) MRT did not 
differ across groups, (D) commission errors 
were committed by the ADHD and 
ASD+ADHD groups than controls and 
finally (E) no group effect was observed on 
premature errors. * p < .05, ** p < .01, *** p 
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As the task was designed with four levels of difficulty, it was interesting to see if the 
group differences in the performance were modulated by difficulty level. A 4 × 4 
(group × difficulty) repeated ANOVA, separating the errors and SDRT by difficulty 
level and covarying for IQ. A significant main effect of group on errors was found 
when covarying for IQ, F(3, 100) = 3.87, p = .011, ηp2 = .10, IQ, F(3, 100) = 10.7, p < 
.001, ηp2 = .27, and difficulty, F(3, 264) = 10.2, p < .001, ηp2 = .09, but no interaction 
of group × difficulty, F(9, 264) = 1.46, p = .16. Equivalent analyses on SDRT 
revealed a near-significant effect of group, F(3, 100) = 2.57, p = .059, and a 
significant effect of IQ, F(1, 100) = 4.72, p = .03, but not difficulty, F(3, 100) =.99, p 
= .40. Likewise no group × difficulty interaction was found, F(9, 290) = .41, p = .90. 
Figure 3-3: Group comparison of variables from the dot-in-the-box task 
  
 
Note. Between group comparisons of Z-scores of 
total errors, SDRT (RT variability) and mean RT; 
Error bars represent 95% confidence intervals. 
(A) Total errors were significantly higher in the 
ADHD and ASD+ADHD groups relative to 
typically developing (TD) controls. (B) SDRT 
analyses showed significant group-effect but no 
significant pairwise differences. (C) The MRT was 
not significantly different between groups. Overall 
the results indicated that individuals with 
ASD+ADHD and ADHD were most impaired in 
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Finally, no significant effects of group, IQ, difficulty and group × difficulty interaction 
were found on the MRT (all ps > .19). 
 WCST 
Univariate ANCOVAs indicated no group difference in perseverative errors, F(3, 
100) = .35, p =.79, ηp2 = .01 (see Figure 3-4). To assess the hypothesis that 
individuals with ASD would have greater difficulty on this task, a multiple regression 
analysis including only the TD and ASD groups, with FSIQ as a covariate, was also 
conducted but did not reveal a significant difference between group, β = .10, t(48) = 
.66, p = .51, or a significant effect of IQ, β = -.20, t(48) = -1.25, p = .22.  
 
Figure 3-4:  Cognitive flexibility across groups   
 
 
Note. No group effects were found in 
the perseverative errors, suggesting 
no differences in the cognitive flexibilty 






 Temporal Reward Discounting 
Univariate ANCOVA indicated no group effect on the AUC, F(3, 100) = 2.10, p =.11, 
ηp2 = .06 (see Figure 3-5, p. 148). To test the hypothesis that individuals with ADHD 
would show greater discounting on this task, a multiple regression was conducted 
between the TD and ADHD group with IQ as a covariate; this revealed a significant 
group difference, β = -.31, t(49) = -2.24, p = .029, ηp2 = .09 but no effect of IQ, β = 
.003, t(49) = .02, p = .98. Self-rated ADHD symptoms did not influence the group 
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Figure 3-5: Plots of indifference points overtime across groups 
 
Note. Error bars indicate 95% CI. Indifference points are the reward a participant is willing to wait for the amount of time he 
waited. The area under the curve (AUC) is the trapezoid area formed under the linear lines between two indifference points  
 
 FER 
Univariate ANOVA revealed a significant group effect in recognition errors, F(3, 101) 
= 4.20, p = .008, with the ASD  group committing more emotion recognition errors 
than TD, p = .006. The ADHD and ASD+ADHD groups performed at an 
intermediate level between the ASD and TD groups. Consistent with the MANCOVA 
analyses, covarying for IQ in the univariate ANOVA demonstrated a significant main 
effect of IQ, F(1, 100) = 11.2, p <.001, and reduced the group effect to a non-
significant level, F(3, 100) = 1.68, p = .18. An initial ANOVA also suggested group 
differences in emotion sensitivity, F(3, 100) = 2.73, p = .048, where individuals with 
ASD appeared less sensitive to emotion in faces than the ADHD group at near-
significant level (p = .065) although no other pairwise differences were detected. 
The significant effect of IQ, F(1, 100) = 14.9, p < .001, again reduced the group 
effect to a non-significant level, F(3, 100) = 1.02, p = .39 (see Figure 3-6). Self-rated 
ASD symptoms did not influence the group effect over and above the diagnostic 
status on facial emotion recognition errors, β = -.01, t(100) = -.10, p = .92, or 

























Figure 3-6: Face emotion recognition error and sensitivity across groups 
  
Note. Group effects were found in facial emotion recognition or FER (A) and sensitivity (B) before FSIQ was covaried, and 
pairwise comparisons suggested that the ASD group was the most impaired among the four groups. The group effect was fully 
accounted for by FSIQ differences. Error bars indicate 95% CI. † p < .1, * p < .05, ** p < .01, *** p < .001 
 
 ToM  
Figure 3-7 shows the difficulties in ToM differences across groups. Univariate 
ANOVA revealed a group effect in the ToM attribution errors for mentalising stories, 
F(3, 101) = 5.67, p = .001, ηp2 = .14, and pairwise comparisons showed that 
individuals in the ASD group performed more poorly than the TD, p = .004, and 
ADHD groups, p = .006, while individuals in the ASD+ADHD were intermediate in 
their performance and  did not differ any of the other groups. Self-rated ASD 
symptoms did not influence the group effect over and above the diagnostic status 
on ToM attribution errors, β = .003, t(100) = .03, p = .98. Using a Kruskal-Wallis 
ANOVA test, a near-significant group differences was also for answers to questions 
for the physical stories, H(3, 101) = 7.7, p =.053, although no pairwise group 
differences were found. The pattern of performance suggested that individuals with 
ASD had the most impairment in this task too, not taking into account IQ differences 
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Figure 3-7: Comparison of ToM difficulties across groups 
  
Note. Group effects were found in ToM attribution error (A) but not physical story error (B) before FSIQ was covaried, and 
pairwise comparisons suggested that the ASD group had the most ToM impairment among the four groups. The group effect 
was fully accounted for by FSIQ differences. Error bars indicate 95% CI. † p < .1, * p < .05, ** p < .01, *** p < .001. 
 
 Discussion  
The overarching aim of this study was to explore the similarities and differences of 
EF and SC difficulties in young adult males meeting the criteria for ASD, ADHD, or 
ASD+ADHD compared to typically developing controls. To measure dimensional 
ASD and ADHD traits among the participants, self-ratings of ASD traits on the SRS 
and ADHD traits on the CAARS and SDQ hyperactivity were collected from all 
participants. In addition, informant-ratings on these measures were collected from 
parent, sibling or partner of individuals in the clinical group. In line with the 
participants’ diagnostic status, self-rated ADHD symptoms on the CAARS and the 
SDQ hyperactivity were significantly greater in the ASD+ADHD and ADHD groups, 
relative to other two groups. Informant ratings of the ADHD and the ASD+ADHD 
groups were also significantly higher than the ASD group. This indicated that ratings 
of ADHD symptoms distinguish the ASD+ADHD and the ADHD groups the non-
ADHD group well. In contrast, self-rated autistic traits on the SRS did not seem to 












TD ASD ADHD ASD+
ADHD













TD ASD ADHD ASD+
ADHD
(B) Physical story error




TD self-ratings. Informants however rated individuals in the ASD+ADHD and ASD 
groups as having higher autistic traits on this measure, although the difference of 
less than 10 points between the autistic traits in the ADHD and the ASD group was 
surprisingly subtle.  
More importantly, findings from the neurocognitive study showed that EF 
impairments appeared to be specifically associated with ADHD symptoms. Deficits 
were typically found among individuals with ADHD and/or ASD+ADHD relative to 
the ASD and TD groups even after covarying for IQ. Deficits in EF were found in the 
subdomain of response inhibition, where individuals with ADHD and ASD+ADHD 
were most impaired, the subdomains of sustained attention and temporal 
discounting, where individuals with ADHD appeared to be most impaired, and in the 
subdomain of working memory, where individuals with ADHD and ASD+ADHD 
appeared to be more impaired relative to the TD group. No differences across 
groups were found in perseverative errors, which was unexpected. Unexpectedly in 
the SC domain, group effects were only found when IQ was not covaried, which 
suggested that the variation of group performance across SC tasks was IQ-
dependent. Interestingly without covarying for IQ group differences were in the 
direction as expected, i.e., the ASD group made more emotion identification error 
compared to the TD group on the FER task and showed trend-wise decrease of 
sensitivity to emotional expression on faces than the ADHD group. In addition, the 
ASD group also displayed poorer ToM than the TD and the ADHD groups. The EF 
findings are discussed first in the following section.  
 EF Findings across Groups  
Regarding inhibitory function, the ADHD and ASD+ADHD groups displayed 
increased inhibitory deficits relative to controls, while the ASD group’s performance 
was midway between the ADHD and the TD groups, as judged from their 




commission and premature errors on the GNG and CPT-AX tasks. Further, the 
ASD+ADHD also group displayed poorer inhibitory deficits than the ASD group. 
This was similar to previous results (Buehler et al., 2011; Corbett, Constantine, et 
al., 2009) and may represent the additive pattern of impairment suggested in 
previous studies (Sinzig, Morsch, Bruning, et al., 2008; Tye, Asherson, et al., 2014). 
However, these results were inconsistent with Sinzig et al.’s (2008) findings of 
comparable commission errors among individuals with ASD, ASD+ADHD, and 
controls; and among the ASD, ADHD, ASD+ADHD, and controls in Adamo et al.’s 
(2014) study. One potential explanation for the discrepant results is the differences 
in the tasks employed in these studies.  
The GNG task used by Sinzig et al. (2008) presented the stimulus at a lower 
frequency (0.33 Hz vs. 0.5-1.0 Hz) than other studies (Buehler et al., 2011; Corbett, 
Constantine, et al., 2009) including the present. Further, Sinzig et al. (2008) used a 
variant of the GNG task with equal numbers of Go and No-Go cues which would 
decrease the prepotency of response. According to the cognitive-energetic model of 
ADHD (Sanders, 1983), stimulus presentation of low frequency is associated with 
increased inattention and omission errors. This was supported by findings from a 
recent meta-analysis that has shown that slower stimulus rate presentation is 
associated with reduced commission errors (Metin, Roeyers, Wiersema, van der 
Meere, & Sonuga-Barke, 2012). Therefore, the GNG task employed by Sinzig et al. 
(2008) was possibly not adequately sensitive for measuring inhibition. In line with 
this reasoning, Adamo et al.’s (2014) “fixed” SART GNG was more suitable for 
assessing inattention. In this task a fixed sequence of number, i.e., one to nine, is 
presented to a participant who responds to every number except the “No-Go” 
number three. Although the stimuli were presented approximately at 0.70 Hz, the 
No-Go stimuli appear at a fixed and extremely slow rate of around 0.08 Hz and the 
study did not find increased omission errors across groups using this task. This 




explanation is supported by the finding by Johnson et al. (2007) who showed that 
children with ADHD, ASD, and typically developing controls showed no difference 
on the index on commission errors on this task, while those with ADHD specifically 
demonstrated inattention by omitting responses on the task compared to the two 
comparison groups.  
Difficulties in sustained attention as indicated by the number of omission 
errors and the SDRT were found predominantly in the ADHD group. Individuals with 
ADHD appeared to have increased omission errors and SDRT compared with the 
controls on the CPT-AX task, consistent with prior findings (e.g., Fischer et al., 
2005; Rubia, Smith, & Taylor, 2007; Slama, Fery, Verheulpen, Vanzeveren, & Van 
Bogaert, 2015). They also performed more poorly than the ASD group. The mean 
omission error rate for the ADHD group on the GNG task, which was higher than the 
controls (although fell to non-significant level after multiple comparison correction), 
was also in line with past studies (e.g., Epstein et al., 2001; K. R. Murphy et al., 
2001; Silva et al., 2013). Further, the lack of sustained-attention deficits in the ASD 
group compared to controls was consistent with results of previous studies using the 
CPT-AX and the GNG tasks (e.g., Bogte et al., 2009; G. Goldstein et al., 2001; 
Pascualvaca et al., 1998).  
Individuals with ASD+ADHD appeared to have significantly higher rates of 
omission errors and greater SDRT overall on the GNG task; they showed 
similarities with the ADHD group on these two variables, as found in two previous 
studies (Adamo et al., 2014; Sinzig, Morsch, Bruning, et al., 2008). However, on the 
CPT-AX, they performed in between the TD and the ADHD groups with average 
omission errors closer to the ASD group and controls than the ADHD group. This is 
inconsistent with the finding from the GNG task. Furthermore, this finding also 
contradict a previous finding by Tye et al. (2014), who found similarly increased 
omission errors and SDRT in children with ASD+ADHD and with ADHD relative to 




the TD and ASD group, on a hybrid CPT-AX/Flanker task called the CPT-OX. Since 
the present study is the first to test sustained attention among adults with ASD, 
ADHD, and ASD+ADHD, using attentional indices from both the GNG and the CPT-
AX tasks it is also the first to show that the conclusions regarding sustained 
attention in the ASD+ADHD group might also depend on the task type.  
The GNG, the CPT-OX, and the CPT-AX differ from one another.  Both the 
GNG and the CPT-OX have greater inhibitory load than the CPT-AX task. The GNG 
task requires continuous responses towards frequently presented Go cues and 
occasional withholding of responses when a No-Go cue appears. Consequently, the 
participants were predisposed to respond and would have difficulties in withdrawing 
their action.  Similarly, inhibitory response is evoked during the CPT-OX task but not 
in common sustained-attention tasks such as the CPT-AX used in the present 
study. The task, involves presentation of a sequence of letters, flanked by the letters 
“X” or “O” on each side, providing “a flanker effect on every trial” (see McLoughlin et 
al., 2010, p. 67). Flanker effects elicit conflict and one interpretation of such conflict, 
supported by findings from imaging studies, is that they evoke downstream 
inhibitory processes (Botvinick, Nystrom, Fissell, Carter, & Cohen, 1999; Eriksen & 
Eriksen, 1974; Takezawa & Miyatani, 2005). Therefore, measures such as omission 
errors or SDRT on these tasks are influenced by prepotent responses and are also 
confounded by conflicts (Albrecht, Uebel-von Sandersleben, Wiedmann, & 
Rothenberger, 2015; Huang-Pollock et al., 2012). Nevertheless, these findings 
altogether offer an interesting insight into the ASD+ADHD group. That is, under the 
condition where conflicts or inhibitory load are concurrent with the target detection, 
individuals in the ASD+ADHD, based on the literature and the current findings, 
appear to have difficulties in sustaining attention and demonstrate performance 
closer to the ADHD groups, while under an alternative condition where target 




detection is the sole task demand, their performance appear to improve and closer 
to the ASD group.     
An intriguing but speculative interpretation of the sustained attention finding 
in the present study is that ASD traits might down-moderate the performance of 
individuals with ASD+ADHD during the CPT-AX task. Sensory hypersensitivity is a 
common feature among individuals with ASD, presenting in one in five individuals 
according to one population-based study (Jones et al., 2009). Evidence from 
electrophysiological and fMRI studies suggest that a number of individuals with ASD 
demonstrate atypically enhanced perception during a target detection task that 
could be associated with their hypersensitivity to stimulus changes (e.g., Cléry et al., 
2013; Gomot, Belmonte, Bullmore, Bernard, & Baron-Cohen, 2008; Karhson & 
Golob, 2016). This interpretation may explain the result from the only 
electrophysiology study to date that has compared children with ADHD to a group of 
children with autism on an oddball task, which showed an absence of impairment on 
the P3 ERP component, an index of attention, in the ASD group relative to the 
ADHD children (Kemner, Verbaten, Koelega, Camfferman, & van Engeland, 1998). 
The CPT-AX is similar to a target detection task with the addition of a cue prior to 
targets, designed for tapping the response preparation stage (Albrecht et al., 2015). 
It is thus possible that co-occurring sensory sensitivity among individuals with 
ASD+ADHD could moderate the CPT-AX performance in this group. Given the 
absence of prior investigations the relationship between performance on sustained 
attention using the CPT-AX task and sensory perception sensitivity in these four 
groups, however, the present interpretation is tentative.  
Poor visuospatial working memory was found primarily in the ASD+ADHD 
and ADHD groups compared to the controls, with individuals with ASD showed 
intermediate performance between the controls and the ASD+ADHD groups but 
closer in their performance to the ADHD group. The direction of these results was 




consistent with previous findings of working memory, verbal and visuospatial, 
among children (Andersen et al., 2013; J. M. J. van der Meer et al., 2012; Yerys et 
al., 2009). In investigating verbal working memory Andersen et al. (2013) found that 
the difficulties in children with ASD+ADHD and ADHD were related to impairments 
during memory acquisition, as well as delayed recall, while the ASD group was 
characterised by memory acquisition difficulty only. The compounded effect of 
memory acquisition and delayed recall difficulties in the ASD+ADHD and the ADHD 
groups could explain why visuospatial working memory performance in these 
groups was the most impaired in the present study. This interpretation should be 
taken cautiously given the limited scope other investigation in the visuospatial 
domain, which excluded assessments of memory acquisition and delayed recall. 
Future studies should investigate whether the findings of Andersen et al. (2013) can 
be extended into the young adult population to explain the visuospatial working 
memory difficulties in individuals with ADHD and ASD+ADHD. 
No differences were detected on the cognitive flexibility across the four 
groups, although the average perseverative errors were greater in the ASD group, 
i.e., in the direction expected from the literature. The finding is not consistent with 
the majority of previous studies that have shown large effect size deficits of in 
cognitive flexibility in children and adults with ASD relative to typically developing 
controls (see Geurts et al., 2009; Landry & Al-Taie, 2016). Note however, that 
cognitive flexibility deficits were absent in several previous studies involving 
children, adults and older adults with ASD (see e.g., Ambery, Russell, Perry, Morris, 
& Murphy, 2006; Barnard, Muldoon, Hasan, O’Brien, & Stewart, 2008; Geurts & 
Vissers, 2012; E. L. Hill & Bird, 2006; Minshew, Goldstein, Muenz, & Payton, 1992). 
Particularly pertinent to the finding from the present study is the idea that a 
computerised task could increase the accessibility, and therefore reduce the 
apparent deficits, in individuals with ASD due to the limited social demand it 




imposes (Kenworthy, Yerys, Anthony, & Wallace, 2008; Ozonoff, 1995). However as 
Landry and Al-Taie (2016) reported, the magnitude of cognitive flexibility deficits 
reported in studies using the computerised or manual WCST among people with 
ASD did not differ significantly, negating the supposed benefit of the computerised 
version of the task for the population. Using a series of regression analyses 
involving age, autism severity judged on the ADI-R, and IQ as predictors for 
perseverative errors, Landry and Al-Taie (2016) found instead that younger children 
with lower IQ had increased deficits in cognitive flexibility. It is thus possible that 
adults are less likely to exhibit perseverative tendencies on the WCST. However, it 
is unclear whether this is related to development or due to decreasing task 
sensitivity to detect the deficits in adulthood (Geurts & Vissers, 2012). Therefore, 
future studies may consider using a range of tasks with greater sensitivity for 
investigating this cognitive subdomain among adults with ASD and ADHD. 
The difficulties in temporal reward discounting among individuals with ADHD 
have been consistently reported (e.g., Sjöwall et al., 2013; Solanto et al., 2001; 
Sonuga-Barke et al., 2008), including in a recent large study involving over 130 
adults with ADHD relative to controls (Mostert, Onnink, et al., 2015). The latter 
found that individuals with ADHD displayed steeper reward discounting relative to 
controls, especially at longer time delays of 100 days. In the present study, using a 
similar task and an equivalent outcome measure, that is, the AUC of reward 
discounting, the ADHD group was found to have significantly steeper temporal 
discounting compared to controls, and IQ variation did not influence the results, 
therefore replicating previous findings in ADHD. However, no effect of group was 
found when all groups were included in the comparison, which conflicted with 
previous findings on this task (Demurie et al., 2012). Compared to the present 
study, Demurie et al.’s (2012) investigation, which found an ADHD-specific 
monetary reward discounting impairment, included 30-40 children in each of the 




ASD, ADHD, and TD group. Given that studies in adults appear to have lower effect 
sizes and variable findings overall, it is possible that the present study was 
underpowered to detect group differences. 
 SC Findings across Groups 
The primary finding from the present study is that young adults with ASD, ADHD, 
and ASD+ADHD did not differ in SC when differences in IQ across groups were 
covaried. The finding is most unexpected for the ASD group, where the difficulty in 
ToM and FER were often reported in previous studies. From the current finding in 
young adults and past findings of SC difficulties among children with ASD (Brent et 
al., 2004; Kaland et al., 2008; Spek et al., 2010; S. J. White et al., 2011), one may 
suggest that the lack of ToM and FER deficits among individuals with ASD is both 
age- and IQ-dependent. Nevertheless, many adults with ASD are perform poorer on 
ToM tasks than typically developing controls (Heavey et al., 2000; Rogers et al., 
2007; Spek et al., 2010; S. J. White et al., 2011). Thus, age may not be the best 
explanation for the current findings.  In individuals with ASD, both IQ and ASD traits 
are suggested to be independent contributors to poor performance on SC including 
the ToM task (Buitelaar, van der Wees, Swaab-Barneveld, & van der Gaag, 1999b) 
and a variety of emotion recognition tasks (Jones, Pickles, et al., 2011), thus IQ 
remains the possible explanation for the current finding. 
Putting to one side the IQ-dependence of the group effects, the findings in 
relation to social cognition from this study among individuals with ASD or ADHD 
alone were very much in line with results from a recent meta-analysis (Bora & 
Pantelis, 2015) that has concluded that emotion recognition and ToM abilities were 
impaired in individuals with ADHD to much lesser degree than in individuals with 
ASD, and the additional findings indicate that the deficits in adults with ADHD were 
subtle for emotion recognition and non-significant for ToM. The present findings are 




also consistent with results from a number of previous comparative studies of ToM 
and FER in people with ASD compared to ADHD group (Baribeau et al., 2015; 
Demurie et al., 2011; Dyck et al., 2001; Gonzalez-Gadea et al., 2013; Muris et al., 
1999; J. M. J. van der Meer et al., 2012; J. Yang et al., 2009), which strongly 
suggest a specific association between SC difficulties and ASD. Furthermore, the 
study in the previous chapter has also shown a specific association between ToM 
deficits and ASD symptoms among adolescents with ASD. 
Individuals with ASD+ADHD appear to perform FER and ToM task in 
midway between the TD and the ASD groups. This was unexpected findings when 
compared to results from the previous literature. Only a handful of studies have 
reported the FER performance among children with ASD+ADHD (Tye, Battaglia, et 
al., 2014; Tye et al., 2013; J. M. J. van der Meer et al., 2012). Most findings 
suggested that individuals with ASD+ADHD would display more FER and ToM 
difficulties than the pure ADHD counterpart. Van der Meer et al. (2012) showed that 
increased FER difficulties is associated with increased ASD traits by demonstrating 
that individuals in the ASD+ADHD group. Tye et al. (2014; 2013) specifically 
demonstrated that the electrophysiological underpinnings of SC such as FER, and 
face and gaze processing in children in the ASD+ADHD group followed an additive 
impairment of the pure ASD and ADHD children, which differed from one another.  
Following the findings by van der Meer et al. (2012) and Tye et al. (2014; 
2013), one expects the ASD+ADHD group to display level of deficits closer to the 
ASD group during FER and ToM tasks than were currently found. The 
inconsistencies of findings could be due to several reasons. However, IQ difference 
is most probably not one of them since pairwise comparison between the 
ASD+ADHD and the ASD group showed non-significant difference of IQ. One 
possible explanation for the contrasting findings between this study and Tye et al.’s 
(2014; 2013) is that the impairments of SC behavioural performance in the 




ASD+ADHD group are not as unambiguously additive as suggested by their 
electrophysiology markers, presumably because those temporally rapid 
electrophysiological markers can be moderated by other factors before manifesting 
as behaviours. Another potential explanation is that the ASD+ADHD group consists 
of individuals with heterogeneous presentations including those with predominant 
ASD traits and others with predominant ADHD traits as shown in van der Meer et 
al.’s (2012) study, which could reduce the presentation of ASD-associated SC 
deficits. However, bimodal distributions were not detected during exploratory 
analyses of behavioural symptoms, ToM, and FER performance rendering this 
explanation unlikely.  
A final consideration would be that ADHD traits might moderate SC 
difficulties in the ASD+ADHD group.  Studies in children with ASD and ASD+ADHD 
typically shows that they demonstrate the same number of symptoms on ADI-R and 
ADOS (Holtmann et al., 2007; Salley et al., 2015; Yerys et al., 2009), although these 
analyses were all conducted at global domain level. A recent study in approximately 
50 school-age children with ADHD and over 150 verbally fluent children ASD, all 
referred due to ASD concerns, demonstrate that the two groups of children were 
differentiable from their ADOS (not from the ADI-R scores), particularly on four 
items, which were their quality of social overtures, amount of reciprocal social 
communication, amount of unusual eye contact, and amount of facial expressions 
directed to examiner, endorsed >66% in children with ASD and <33% of those with 
ADHD (Grzadzinski, Dick, Lord, & Bishop, 2016). This seems to be consistent to 
previous findings demonstrating that school-aged children with ASD were poorer 
than age-matched group of ADHD children on the use of context, non-verbal 
communication, and their social relationships quality, although both have more 
difficulties than TD controls (Geurts & Embrechts, 2008). In addition, an unpublished 
study based on the Dutch Sample of Children and Adolescents (Scheres, 




Oosterlaan, & Sergeant, 2001) with ASD, hyperkinetic disorder (HKD), and 
ASD+HKD and controls showed that co-occurring HKD in the ASD population was 
associated with increased verbal fluency and cognitive flexibility (Santosh et al., 
2006). The key question here is whether children with ASD+ADHD, might have 
similar qualities shown by children with ADHD that might set them at better footing 
for developing social relationships, social cognition and ToM as they grow up, 
resulting in the group to have milder SC deficits than the ASD group in adulthood. 
These potential explanations could be explored further in future studies. 
 Findings in the Context of the Comorbidity Debate 
Two hypotheses have been proposed to explain the ASD+ADHD condition in 
relation to the pure groups in previous studies. One hypothesis proposes the ADHD 
and ASD as two manifestations of the same underlying disorder. The specific form 
of this comorbidity model predicts that individuals with ADHD, ASD+ADHD and ASD 
form a continuum of neurocognitive and behavioural characteristics, i.e., a gradient 
overarching disorder, with neurocognitive impairments and social difficulty 
symptoms increasing in the direction of increasing ASD traits (e.g., Rommelse et al., 
2011; J. M. J. van der Meer et al., 2012). This hypothesis predicts that individuals 
with ASD will demonstrate more impairment than individuals with ASD+ADHD which 
demonstrate more impairment than individuals with ADHD alone. Another 
hypothesis proposes that individuals with ASD+ADHD would demonstrate additive 
impairments of the ASD and the ADHD groups (e.g., Sinzig, Morsch, Bruning, et al., 
2008; Tye et al., 2013). This is so because the two pure groups are essentially 
distinct disorders, and their combined form will simply have the aggregate deficits of 
the pure forms (Banaschewski et al., 2007). 
Only partial support for the gradient overarching disorder model was 
observed from the current findings. For instance, ToM ability appeared to be most 




impaired in the ASD group relative to the ADHD and the TD group, while individuals 
with ASD+ADHD showed an intermediate level of impairment. However, neither 
informant- nor self-ratings on the SRS-2 confirmed that the ASD group had more 
severe autistic traits compared to the ASD+ADHD group as the gradient 
overarching disorder model had predicted. In fact, in the context of behavioural 
symptoms and EF performance, most of the findings provided support for the 
additive impairment model. The ASD+ADHD group appeared to have a similar level 
of autistic traits as individuals with ASD, and a similar level of ADHD traits as the 
ADHD group. Furthermore, in the response inhibition, sustained attention 
(measured on the GNG task), and working memory subdomains, the ASD+ADHD 
group appeared as impaired or more impaired than the ADHD group depending on 
the EF subdomain examined, while the ASD group tend to be in between the TD 
and the ASD+ADHD or the ADHD groups.  
Did the findings suggest that ASD and ADHD were distinct disorders? As 
mentioned above, the neurocognitive findings were not as clear as Tye et al.’s 
(2014; 2013) which demonstrated clear phenotypic separation of the ASD from the 
ADHD group. While overall the findings appeared to show that EF deficits were 
associated more strongly with ADHD than ASD, and that SC deficits were 
associated more strongly with ASD than ADHD (neglecting the IQ influence), subtle 
deficits of EF in ASD and SC, especially FER, in ADHD might also exist since they 
tend to show a level of performance in between the TD and the counterpart pure 
disorder group respectively. This might suggest that each disorder had a variation of 
cognitive impairments of the other.      
 The Associations between EF or SC Deficits with ADHD or ASD Symptoms 
In each subdomain of EF and SC, associations between EF or SC deficits and 
indices of ADHD or ASD symptoms were explored. In this study, no associations 




were found between ADHD or ASD symptoms and SC or EF subdomain deficits 
beyond what has been accounted by diagnostic status. Moderate correlations 
between symptoms and neurocognitive performance among ADHD groups were 
previously reported in studies involving population representative or sufficiently 
large samples (Epstein et al., 2003; Kuntsi, Andreou, Ma, Börger, & Van Der Meere, 
2005; Wood et al., 2011). The present study was designed to primarily find 
differences among groups defined by their diagnostic status and, by definition, their 
ADHD or ASD symptoms. Individuals within these convenience samples might 
represent the more severe end of the distribution (S. H. Goodman et al., 1997), with 
insufficient variation in autistic or ADHD traits within group to regress against EF or 
SC performance.  
 Strengths and Limitations  
The strength of this study was the inclusion of individuals with well-characterised 
diagnostic status, supported by self-rated behavioural symptoms, as well as ratings 
by informants for participants in the clinical groups. The study used a range of 
neurocognitive tests that, although not all standardised, have been considered good 
indices of cognitive functions and have produced well-replicated findings among 
individuals with ADHD or ASD. Most measures, except the ToM task, produced data 
with no floor and ceiling effects thus not constraining their variability.   
One weakness to the study is the significant IQ difference across groups 
which may influence the findings across groups. IQ differences between groups in 
studies involving people with neurodevelopmental condition were typically covaried 
during the analyses, although this analytical strategy has been a subject of debate 
of late. This is so because individuals with neurodevelopmental disorders typically 
have lower IQ than typically developing controls, which is a defining characteristic of 
the former (Dennis et al., 2009; G. M. Miller & Chapman, 2001). Researchers have 




advocated several approaches for this problem including one that partially removed 
the variance of neurocognitive performance in the clinical groups according to the 
relationship between the performance and IQ of the control group (e.g., Brunsdon & 
Happé, 2014; M. S. C. Thomas et al., 2009). Others opted to not covary for IQ at all 
(Dennis et al., 2009; J. M. J. van der Meer et al., 2012). It should be noted that the 
pure ADHD and the control groups in this study were those with IQ beyond the 
normal range in this study, thus they might be unrepresentative to their population. 
As there seem to be no satisfactory solution for the present example, I opted for 
covarying for IQ in this study. The findings still suggest that the difficulties of 
inhibition, sustained attention, and working memory were characteristics of 
individuals with ADHD, despite their higher IQ compared to the other clinical groups, 
which showed the strong association between EF deficits and the condition. 
Another limitation is over the subtle difference of autistic traits across the 
participant groups as judged on the SRS-2. Recent studies suggest that ratings of 
the SRS were influenced by non-ASD specific behaviour problems (Hus et al., 
2013) and had reduced specificity for among children with emotional and 
behavioural problems (Moul et al., 2015). Based on these findings, it is possible that 
such issues extend to the adult population and causes the specificity of the 
questionnaires to be low people with ADHD, ASD and ASD+ADHD. The grouping of 
the ASD and ADHD participants in this study were however based on diagnostic 
status provided by clinicians. Most diagnoses were also supported by assessment 
on gold-standard research instruments such as the ADOS and the ADI-R and 
therefore were independent of the SRS-2 scores. Thus, it is unlikely that the findings 
of this study were confounded by misdiagnoses of ASD due to insensitive 
instrument.  
In the interest of gaining as many participants as possible who were 
medication-naïve or not on current medication, the study was opened to adults who 




have received their first-time diagnosis of ADHD in adulthood. These participants 
made up a significant proportion (~40%) of individuals in the ADHD and the 
ASD+ADHD groups. Although the process of diagnosing these participants required 
that symptoms were present in childhood, the participants may represent a subset 
of individuals with less severe cases, with less pronounced difficulties in childhood, 
and higher IQ (Antshel et al., 2010; Barkley, Murphy, & Fischer, 2008; Kolar et al., 
2008). Thus, the EF difficulties demonstrated by the participants in this study might 
be an underestimation of the difficulties that many individuals in the ADHD 
population have. 
Finally, another limitation to this study was insufficient exploration of other 
psychiatric difficulties in the clinical groups. Individuals with ADHD, for instance, 
demonstrate additional problems in adulthood such as conduct problems and 
antisocial personality, anxiety, and substance abuse disorders (Biederman et al., 
1993; Kessler et al., 2006; Molina & Pelham, 2014), some of which were exclusion 
criteria for the study. Phone screening was conducted prior to inviting individuals 
into the study to rule out those meeting the exclusion criteria and with significant 
additional problems. However, mean SDQ scores in the clinical samples still 
showed higher levels of emotional, conducts, and peer relationships problems in the 
clinical groups compared to controls, although to what extent these observations are 
clinically significant is unknown. Additional structured interview would be 
recommended in future studies either to control for additional psychiatric difficulties 
in the clinical groups or to allow investigating the influence of those additional 
problems in the findings. 
 Implications and Future Directions   
Comparing participant groups on a wide range of measures across the lifespan is 
critical to understanding the role of EF in autism (E. L. Hill, 2004). Likewise, studying 




ADHD and its associated comorbidities in adulthood is important as the form of 
psychiatric disorders may change throughout ages due to influences of biological 
and sociocultural factors (Taurines et al., 2010). The findings from this study are 
consistent with those reported in previous studies, i.e., adults with ASD displayed 
primarily SC difficulties, including in ToM and FER while individuals with ADHD 
displayed primarily EF difficulties instead including in inhibition, sustained attention 
working memory and temporal reward discounting. However, the specificity of the 
findings is undermined by the fact that individuals with ASD or ADHD tend to have 
level of performance in between the typically developing and the counterpart 
groups.  Adults with ASD+ADHD appeared to have similar EF difficulties as adults 
with ADHD particularly in response inhibition and working memory, and possibly in 
sustained attention, although the latter finding appear to be moderated by task 
types. Individuals with ASD+ADHD appeared to perform SC tasks at the level in 
between the TD and ASD groups.  The findings did not lend support a gradient 
overarching disorder. The difficulty asserting the two groups as independent 
disorder at this neurocognitive level also prevent us from firmly concluding that 
ASD+ADHD follows an additive impairment shown by the pure groups. Instead, the 
findings appear to suggest that from the neurocognitive perspective the groups are 
variations of one another, although the addition of co-occurring ADHD symptoms 
among individuals with ASD appears to be associated with increased EF deficits in 
the latter. The findings of this study appear to highlight the limitation of the 
neurocognitive methodology for discerning the underpinning of the similar or 
different symptoms between individuals with ASD, ADHD, and ASD+ADHD. Other 
more sensitive methods such as electrophysiology or functional neuroimaging might 
be a better option for investigating the underlying group similarities or differences in 
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 Study III: Meta-analyses of Functional Impairments 
during Inhibitory Control and Brain Structure 
Abnormalities in ASD and ADHD 
 
 Introduction 
Inhibitory control is one of the most investigated cognitive functions among 
individuals with ASD and ADHD, both in neurocognitive (Geurts, van den Bergh, et 
al., 2014; Kuiper et al., 2016; Lipszyc & Schachar, 2010; Willcutt et al., 2008) and 
neuroimaging studies (Hart et al., 2013; Norman et al., 2016). Inhibition deficits in 
ADHD are highly consistent across studies, suggesting that the deficits are strongly 
associated with the condition (Nigg et al., 2005; Willcutt et al., 2005). The deficits in 
ADHD are associated with abnormal lateral frontostriatal functions, encompassing 
brain regions such as the IFG, SMA and BG (e.g., Cortese et al., 2012; Hart et al., 
2013); possibly underpinned by structural deficits in these areas (Nakao, Radua, 
Rubia, & Mataix-Cols, 2011; e.g., Norman et al., 2016; Seidman et al., 2011; Valera, 
Faraone, Murray, & Seidman, 2007).  
Difficulties of inhibition have also been reported among individuals with ASD 
(see, e.g., Raymaekers, van der Meere, & Roeyers, 2004; Verté, Geurts, Roeyers, 
Oosterlaan, & Sergeant, 2006), although findings have not been as consistent 
across studies as was the case for ADHD. Different demographic characteristics 
were typically suggested as possible explanations for the heterogeneity of findings. 
However, a most recent meta-analysis has shown that neither age nor IQ 
moderated these findings (Kuiper et al., 2016). Another possible explanation of the 
heterogeneity could be the co-occurring ADHD symptoms in the ASD population, 
which has been shown to be associated with EF deficits in previous studies 
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(Buehler et al., 2011; Corbett, Constantine, et al., 2009) and in Chapter 2 of this 
thesis. Whether such findings signify a common neuropathology between ASD and 
ADHD must be further explored neurobiologically. Neuroimaging studies in people 
with ASD have shown abnormal function in brain regions within the lateral 
frontostriatal networks similar to ADHD (Daly et al., 2014; Shafritz et al., 2008; 
Vaidya et al., 2011), although mixed findings are common (see e.g., Duerden et al., 
2013; Solomon et al., 2014; Yerys, Antezana, et al., 2015). Exploring brain 
structures or functions that are consistently abnormal among individuals with ASD 
or ADHD relative to controls, and comparing these abnormalities across the 
disorder groups will enable us to find the underlying neural similarities or differences 
that are associated with response inhibition in both disorders. 
 Inhibition and Its Neural Correlates 
Inhibition is a deliberate override of dominant or prepotent response, including 
motor actions or higher-order cognitive responses (Miyake & Friedman, 2012; Nigg, 
2000). It is typically investigated in laboratory setting using tasks involving 
withholding, cancelling, or switching of actions, or overcoming cognitive 
interference. In the GNG task, subjects are required to withhold prepotent frequent 
responses when rare no-go stimuli appear in a stream of highly frequent go trials. In 
the stop-signal task subjects are required to cancel a motor response triggered by 
frequent go stimuli, after the arrival of an unexpected, infrequent stop-signal (Aron & 
Poldrack, 2006; Rubia et al., 2001). The switch task requires individuals to 
disengage from previously valid stimulus-response association and engage with a 
newly defined response mode (Smith, Taylor, Brammer, & Rubia, 2004); whereas 
interference inhibition tasks such as the Simon, Stroop, and flanker tasks entail 
suppression of prepotent response tendencies that are conflicting with the primary 
intended action (Liu, Banich, Jacobson, & Tanabe, 2004).  
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Across these tasks, a range of brain activations were observed during 
response inhibition,  although findings have converged in showing the involvement 
of extensive networks in the fronto-striato-thalamo-parietal regions (Cai, Ryali, 
Chen, Li, & Menon, 2014; Congdon et al., 2010; B. J. Levy & Wagner, 2011; Nee, 
Wager, & Jonides, 2007). As has been demonstrated by Nee et al. (2007), inhibition 
performance across Stroop, GNG, Flanker and Simon tasks elicited activations in 
the medial frontal/anterior cingulate, right dlPFC, left premotor cortex (PMC), 
bilateral inferior frontal/insula and IPL. Levy and Wagner (2011), having combined 
the stop-signal task and GNG data across 49 studies, also showed similar 
activations in the frontal areas and also in the right STN region during action 
cancellation. Pooling data from five separate fMRI studies involving the stop-signal 
task performance resulting in over 120 healthy adult participants, Congdon et al. 
(2010) also showed that successful inhibition, judged from the contrast of successful 
Stop against Go, elicited activations largely from similar areas in the right inferior 
frontal/insular cortices reaching to the frontal pole, right mPFC and precentral gyri 
(pre-CG), and medial pre-SMA and PMC, as well as bilateral activation in the AI, 
posterior cingulate, and BG, predominantly in the caudate, right thalamus, 
supramarginal and angular gyri. Finally, the largest meta-analysis of stop-signal task 
performance to date involving 70 studies identified the right IFG and the AI as foci of 
action stopping, with the right IFG playing the key role of implementing inhibitory 
control (Cai et al., 2014). 
 Functional and Structural Neuroimaging Findings in ASD and ADHD  
Two meta-analyses have been conducted in fMRI studies involving individuals with 
ASD. None of these studies focused solely on inhibitory function, however, 
response inhibition studies made up a substantial proportion of those studies 
included (Dickstein et al., 2013; Philip et al., 2012). By separating studies on EF 
from other studies, Philip et al. (2012) revealed that people with ASD showed over-
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activation in a cluster in the left MFG, and under-activated clusters in the right MFG, 
left lentiform nucleus, insula, IPL, and right posterior cingulate during executive 
control. Relatedly, Dickstein et al. (2013) distinguished fMRI studies in ASD into 
those in social versus non-social cognition domain and found that non-social tasks 
elicited greater activations in the bilateral insula and the right MFG and under-
activations in the right caudate and SFG in children with ASD against typically 
developing children. Adults with ASD were found to demonstrate significant over-
activations in the right and left MFG, inferior occipital gyrus, and ACC relative to 
controls. Note that by further differentiating studies in adults and children, Dickstein 
et al. (2013) had fewer than ten studies representing each age group which would 
reduce their analytical power and increase the probability for false positives. 
Furthermore, the reported functional impairments were not specific to inhibitory 
function, rather they were correlates of a broad variety of cognitive functions 
including working memory and attentional processes.  
Response inhibition or cognitive interference studies among adults and 
children with ASD tend to show mixed findings, possibly due to their small sample 
sizes. Over-activations in the mPFC and precuneus during the Stroop task 
(Kennedy, Redcay, & Courchesne, 2006). Also reported were over-activated insula 
during the Stroop task and over-activated left MFG/IFG/OFC during the GNG 
(Schmitz et al., 2006). In children with ASD, under-active inferior right MFG and 
over-active IFG on a GNG task involving face stimuli (Duerden et al., 2013) were 
found, as well as under-active PCC, lingual and middle occipital gyri (Solomon et 
al., 2014), and over-active ACC/SFG, left MFG, and right IFG (Yerys, Antezana, et 
al., 2015) on variants of switch tasks. However, ADHD-like lateral frontostriatal 
under-activation during motor inhibition has also been found in several studies 
involving patients with ASD. Reduced activations in the right insula/IFG, left inferior 
temporal gyrus, and PMC for instance, were reported by Kana et al. (2007) in adults 
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with ASD during the GNG task, whereas Shafritz et al. (2008) found under-
activation in the left dlPFC, ACC, BG, and insula in ASD adults using a switch task. 
Interference inhibition was found to be associated with reduced ACC activation (Fan 
et al., 2012)  and also an under-active left MFG and right caudate in children with 
ASD (Vaidya et al., 2011), concomitant with poorer behavioural performance in the 
patient group relative to controls. Using variants of GNG tasks, involving oddball 
trials to control for selective attention (Daly et al., 2014) and involving emotional 
stimuli (Shafritz et al., 2015), studies found reduced activation in right IFG, and left 
thalamus, and also in the insula, ACC and dlPFC respectively. Despite the 
heterogeneous impairments, lateral frontostriatal under-functioning, particularly in 
the right IFG that have been reported among individuals with ASD and ADHD, might 
be a shared basis for poor inhibition in these populations.   
Functional impairment in ASD could be underpinned by the presence of 
structural deficits. Activation-likelihood estimation (ALE) meta-analyses of studies of 
grey matter volume (GMV) in ASD patients relative to typically developing controls 
have suggested the presence of wide-ranging structural abnormalities in the 
population (Cauda et al., 2011; Nickl-Jockschat et al., 2012). In one meta-analysis 
involving 16 VBM studies comprising 350 ASD patients, enhanced GMV in the 
cerebellum, MTG, right ACC, insula, caudate head, FFG, left lingual gyrus, 
precuneus and PCC and reduced GMV in the cerebellar tonsil, right amygdala, IPL, 
insula, MTG, caudate tail, precuneus and pre-CG were found in patients relative to 
controls (Cauda et al., 2011). In addition, using a somewhat different set of 16 
studies comprising 277 ASD patients, Nickl-Jockschat et al. (2012) found increased 
GMV in temporo-occipital clusters, right precuneus, and right cerebellum; and 
reduced volume of bilateral putamen, cerebellar vermis, left 
hippocampus/amygdala, left operculum and superior MFG, right MTG and pre-CG.  
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Several VBM studies documenting structural abnormalities among people 
with ASD have been published since the above meta-analyses. There were mixed 
findings as studies frequently reported an increase and decrease of GMV 
particularly in fronto-parieto-temporo-cerebellar regions. Of the more consistently 
reported findings were reduced GMV in the ACC/SMA/mPFC (e.g., Mengotti et al., 
2011; Greimel et al., 2013), which is consistent with previous results (Abell et al., 
1999; M. Craig et al., 2007; Kwon, Ow, Pedatella, Lotspeich, & Reiss, 2004) and 
reduced GMV in the cerebellar regions (D’Mello & Stoodley, 2015; Ecker et al., 
2012; Foster et al., 2015; Retico et al., 2016). There were also reports of increased 
volume of superior and middle frontal areas including SFG/MFG and dlPFC (D’Mello 
& Stoodley, 2015; Ecker et al., 2012; Foster et al., 2015; H. Y. Lin, Ni, Lai, Tseng, & 
Gau, 2015).  Clusters of increased GMVs in frontal regions are interesting findings 
since frontal lobe overgrowth has been reported among children with ASD 
(Courchesne et al., 2011; Stanfield et al., 2008). In addition to these findings, striatal 
GMV enhancement has been reported albeit in a few studies (Bonilha et al., 2008; 
Foster et al., 2015; Toal et al., 2010), in line with previous reports of enhanced 
striatal volume by Langen et al. (2009, 2014) who used a manual tracing method in 
their investigations. Given the variety of deficits and enhanced volume reported in 
these individual studies, it is likely that several clusters of GMV abnormalities would 
be found among individuals with ASD in the present meta-analysis.  
In ADHD, the abnormalities in the prefrontal cortex and its connectivity 
implicate wide-ranging networks from the PFC and the OFC to the striatum, parietal 
cortex and the cerebellum (Cubillo et al., 2012; Durston et al., 2011). An early meta-
analysis showed that people with ADHD had under-activated medial superior 
frontal, inferior frontal, and middle frontal gyri, SMA, right STG, left inferior occipital 
gyrus, right thalamus and the midbrain, and over-activation in the right parieto-
occipital cortices and intermediate frontal sulcus during inhibition (Cortese et al., 
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2012). In a meta-analysis of fMRI studies specific to motor inhibition and 
interference inhibition, Hart et al. (2013) found consistent under-activations in the 
bilateral SMA, ACC, right IFC/anterior insula (AI), left caudate/putamen/AI and right 
thalamus across 21 studies involving 287 patients with ADHD. The largest meta-
analysis to date, involving 33 studies and comprising 489 ADHD patients (Norman 
et al., 2016), showed that under-activations in bilateral IFG/AI, caudate and 
putamen as well as the SMA/dmPFC and the STL were the most consistent across 
studies. A large-scale study missed in the latter meta-analysis also revealed under-
activations in the IFG albeit in the left hemisphere, SFG, as well as under-activated 
supramarginal and post-CG gyri and the TPJ, in a group of 185 children and young 
adults with ADHD performing the stop-signal task (van Rooij et al., 2015). 
Interestingly while the brain activation in the left IFG is correlated with stop-signal in 
the control group, such association is non-significant in the ADHD group.   
In structural MRI studies, reduced GMV in the frontostriatal networks and 
cerebellum were reported in several studies focusing on specific regions of interest 
(Valera et al., 2007) as well as in exploratory studies involving the whole brain (e.g., 
Bhaijiwala et al., 2014; Lim et al., 2015; Roman-Urrestarazu et al., 2016). Several 
previous meta-analyses assessing GMV deficits in ADHD revealed reduced volume 
of the right lentiform nucleus and caudate nucleus, as well as enhanced GMV in the 
PCC/precuneus (Nakao et al., 2011). Reduction of the GMV in the BG was found in 
children while frontal reduction such as the ACC was found in adults when studies 
involving participants of these two age groups were analysed separately (Frodl & 
Skokauskas, 2012). The latest meta-analysis by Norman et al. (2016) including 27 
VBM datasets of 931 ADHD patients is the largest to date. It revealed reduced GMV 
in the right putamen/pallidum/insula, bilateral caudate, vmOFC/rACC, right 
cerebellum in children and reduced GMV in the vmOFC, right PCC and putamen 
among adults with ADHD. There have been several studies of GMV among people 
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with ADHD since, and their results are largely consistent with Norman et al.’s (2016) 
meta-analysis. For instance, Bonath et al. (2016) reported GMV reduction in the 
ACC and bilateral cerebellum (as well as occipital cortex and bilateral hippocampus/ 
amygdala), while Shimada et al. (2015) found reduced striatal volume among 
adolescents with ADHD. Bralten et al. (2016), who conducted a large-scale study 
involving 307 children and adults with ADHD, also identified reduced GMV clusters 
in the left OFC, right frontal pole, paracingulate/cingulate cortices, and medial 
frontal/ACC/subcallosal cortices, and the left pre-CG robust to variations of age, 
sex, and medication use. Controlling for IQ differences between groups revealed an 
additional cluster in the cuneus, which was reduced in the ADHD subjects relative to 
controls.  
 Findings of GMV abnormalities in precuneus and PCC in both ASD (Ecker et 
al., 2012; Foster et al., 2015; Kaufmann et al., 2013; H. Y. Lin et al., 2015) and 
ADHD (L. Chen et al., 2015; Kappel et al., 2015; McAlonan et al., 2007), correspond 
to the anatomical location of the default mode network (DMN), a network of nodes 
including the vmPFC/ACC, inferior temporal lobe and posterior cingulate/precuneus. 
This network is typically decreased in activity during task engagement and is anti-
correlated with task-relevant networks (Raichle, 2015). Its activation during rest 
reflects self-referential mental activity or mind wandering (Christoff, Gordon, 
Smallwood, Smith, & Schooler, 2009; Weissman, Roberts, Visscher, & Woldorff, 
2006). Evidence from resting state studies also suggest that both the ASD and 
ADHD groups are associated with reduced connectivity of the DMN (Di Martino et 
al., 2013; Ray et al., 2014; Sripada et al., 2014).  
 Direct Neuroimaging Comparisons Between ASD and ADHD 
A handful of fMRI studies have compared individuals with ASD and with ADHD in a 
single investigation. Previous studies in sustained attention, reversal learning, 
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working memory, and inhibition comparing the two patient groups showed disorder-
specific as well as shared functional impairments (Chantiluke, Barrett, Giampietro, 
Brammer, Simmons, Murphy, et al., 2015; Chantiluke, Barrett, Giampietro, 
Brammer, Simmons, & Rubia, 2015; Chantiluke et al., 2014; Christakou et al., 
2013). During sustained attention, Christakou et al. (2013) reported ASD-specific 
increased activations in the cerebellum, and shared reduced activation in the left 
dlPFC, anti-correlated activation in the precuneus among ASD and ADHD boys with 
no comorbidities relative to typically developing boys, and shared reduced 
activations in the thalamus and caudate and in pre- and post-central gyrus. In a 
study primarily investigating the acute effect of the selective serotonin reuptake 
inhibitor (SSRI) fluoxetine during reversal-learning, Chantiluke et al. (2015) reported 
ASD-specific under-activations in the mPFC and shared reduced activation in the 
precuneus in ASD and ADHD boys relative to controls during reward reversal with 
placebo administration. However, these findings could be attributed to reward-
related processing inherent to the reversal-learning task.  
Using the n-back task and analysing brain activation during the 3-back 
condition, which involved the highest working memory load during the task, 
Chantiluke et al. (2015) reported increased deactivation in the PCC region among 
17 ASD boys, compared to 17 ADHD boys and 20 typically developing controls, 
which did not differ to each other. In addition, shared reduction of right dlPFC 
activation was found in both clinical groups relative to controls, which was correlated 
with commission errors among the ASD group. Finally, in the only fMRI study to 
date comparing ASD and ADHD subjects, Chantiluke et al. (2015) found ADHD-
specific under-activation in the OFC and BG, which was correlated with omission 
errors, using the contrast successful against unsuccessful inhibition trials on the 
stop-signal task. A bilateral over-activation was reported in the IFC in the ASD 
group relative to the controls and trend-wise significant relative to the ADHD boys. 
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Again, both studies primarily investigated the acute effect of single dose fluoxetine 
in performance and brain activation during these EF task, therefore only findings 
from the placebo condition are reviewed here. 
Finally, with respect to brain structures, two studies have compared GMV 
deficits in ASD against ADHD and healthy controls (Brieber et al., 2007; Lim et al., 
2015). An early VBM study involving modest sample sizes of 15 ADHD and 15 ASD 
children, revealed ASD-specific GM increase in the supramarginal gyrus relative to 
controls and the ADHD group, and shared GM reduction in the MTL and increase in 
the left IPL in the ASD and ADHD groups relative to controls, uncorrected for 
multiple comparisons (Brieber et al., 2007). Similarly using the VBM data, Lim et al. 
(2015) found overall group GM differences among 33 typically developing children, 
19 children with ASD and 44 with ADHD in the posterior cerebellum and left 
MTG/STG areas, whereas ADHD-specific reduction of right posterior cerebellar 
GMV were observed in the ADHD group compared to controls and ASD boys. 
Children with ASD had enhanced GM at the left MTG/STG relative to controls and, 
at more lenient threshold, to the ADHD boys.     
 The Aims of This Study 
The aim of this study was to conduct a voxel-based meta-analytic comparison of the 
brain function and structure abnormalities associated with ASD and ADHD. The 
study aims to use all published whole-brain fMRI studies of inhibitory function and 
all published whole-brain VBM studies in ADHD and ASD. The objective of the 
study is to find the most consistent similarities or differences in neural abnormalities 
between these two conditions. Inhibitory control was chosen because it is a key 
impairment in both disorders based on neurocognitive studies. Multimodal analyses 
were used to find regions that were impaired both structurally and functionally within 
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each disorder. Furthermore, conjunction analyses were used to find regions where 
functions or structure similarly deviated in ASD or ADHD groups from controls. 
Both ASD and ADHD were expected to be associated with functional 
impairments and structural abnormalities in frontostriatal regions. Specifically, I 
hypothesised that the ASD group relative to their controls would be characterised by 
reduced activations in the ACC and medial and lateral frontal areas such as the 
dlPFC, IFG and insula during inhibition. Based on several common findings of GMV 
studies, however, clusters of enhanced GMV were expected in the middle and 
superior frontal areas including the MFG/SFG and dlPFC and reduced GMV in 
medial frontal areas (e.g., Mengotti et al., 2011; Greimel et al., 2013; Abell et al., 
1999; M. Craig et al., 2007; Kwon et al., 2004), and cerebellum (e.g., D’Mello & 
Stoodley, 2015; Ecker et al., 2012; Retico et al., 2016). In ADHD, similar findings to 
a previous meta-analysis by Norman et al. (2016) were anticipated, including the 
under-activations of the striatal regions, such as the caudate and putamen, and of 
the lateral frontal regions such as the IFG, insula, and the SMA during inhibition, 
accompanied by reduced GMV in the caudate, putamen, vmOFC, ACC, and PCC.  
With regard to the comparison between the abnormalities associated with 
the two disorder groups, I hypothesised an ADHD-specific reduced activation 
relative to ASD in the BG, as has been shown in Chantiluke et al.’s (2015) study. 
With respect to the striatal volume, individuals with ASD were expected to have 
increased GMV, as has been found by Langen et al. (2009, 2014) and few other 
studies (Bonilha et al., 2008; Foster et al., 2015; Toal et al., 2010) while individuals 
with ADHD were expected to show reduced striatum and insula volumes (Norman et 
al., 2016). Finally, in keeping with findings by Christakou et al. (2013), shared 
increased activations in the precuneus, in both the ASD and ADHD groups relative 
to controls, were anticipated. 
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 IQ ASD < TD ASD > TD 
Ambrosino et al. 
(2014) a 
Child GNG 19 (100) 11.5 9-12 112 26 0  19 (100) 11.1 9-14 120 -- -- 
Chantiluke et al. 
(2015) 
Child Stop 19 (100) 14.7 10-17 112 0 0  25 (100) 13.4 10-17 109 L IPL R IFC, L IFG, L MFG 
Daly et al. (2014) Adult GNG 14 (100) 31 n/a 115 0 n/a  14 (100) 31 n/a 123 R IFG, L thalamus R caudate, R cerebellum 
Duerden et al. (2013) 
b 
Adult GNG 16 (69) 27.2 19-39 112 0 0   17 (71) 30.7 20-43 114 R MFG R IFG, L FFG 
Fan et al. (2012) Adult Flanker 12 (75) 30 n/a 115 0 n/a  12 (83) 28 n/a 120 ACC -- 
Kana et al. (2007) Adult GNG 12 (92) 26.8 n/a 110 n/a n/a  12 (92) 22.5 n/a 117 L ITG, R parahippocampal 
gyrus, R calcarine sulcus, 
R PMC, R mid CC, L/R 
post-CG, R insula/IFG, L 
lingual gyrus 
-- 
Kennedy et al. (2006) Adult Stroop 15 (100) 25.5 16-44 96 n/a n/a  14 (100) 26.1 n/a n/a -- mPFC, Precuneus 
Schmitz et al (2006)c Adult GNG, 
Switch, 
Stroop 
10 (100) 38 18-52 105 n/a n/a  12 (100) 39 18-52 106 -- L M/IFG, OFC (GNG), 
insula (Stroop), and IPL, 
mesial parietal lobe 
(Switch) 
Shafritz et al. (2008) Adult Switch 18 (89) 22.3 n/a 103 6 n/a  15 (87) 24.3 n/a 111 L dlPFC, ACC, L 
intraparietal sulcus, L BG, 
L insula 
-- 
Shafritz et al. (2015) b Mixed GNG 15 (80) 18.1 13-23 102 13 0  15 (80) 18.4 12-23 115 R IFG/insula -- 
Solomon et al. (2014) 
d 
Child POP 27 (19) 15.4 12-18 108 11 55   27 (19) 16.1 12-18 113 PCC, lingual gyrus, middle 
occipital gyrus 
-- 
Vaidya et al. (2011) Child Stroop 11 (100) 10.8 7-12 114 47 n/a  14 (100) 11.0 n/a 119 ACC, L MFG, R caudate -- 
Yerys et al. (2015) Child Switch 20 (80) 11.3 7-14 115 5 n/a  19 (68) 11.4 7-13 120 
-- 
L MFG/ pre-CG, L SFG/ 
mid-dorsal ACC, R IFG 
Note.  Thirteen independent fMRI datasets, comparing 208 people with ASD against 215 controls, during response inhibition are listed on this table. a = ADHD was screened using DISC, b = co-occurring ADHD was an 
exclusion criterion, c = The study by Schmitz et al (2006) produced three datasets and were combined together with variance adjustment as specified in Norman et al (2016), and d = ADHD comorbidity was estimated using 
Conners’ Parent Rating Scale. List of abbreviations: GNG = Go/No-Go task, POP = ‘Preparing to Overcome Prepotency’, a variation of a switch task, y = year, n/a = information not available, stim exp = stimulant exposure, 
i.e., present or past use of pscyhostimulant medication, com. ADHD = comorbid ADHD, R/L = right/left, IPL = inferior parietal lobe, IFC/G = inferior frontal cortex/gyrus, MFG = middle frontal gyrus, FFG = fusiform gyrus, ACC 
= anterior cingulate cortex, ITG = inferior temporal gyrus, PMC = premotor cortex, CC = cingulate cortex, pre-/post-CG = pre-/post-central gyrus, mPFC = medial prefrontal cortex, OFC = orbitofrontal cortex, dlPFC = 
dorsolateral prefrontal cortex, BG = basal ganglia, PCC = posterior cingulate cortex.   
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Table 4-2: Sample characteristics of VBM studies of GMV abnormalities in ASD 
Source Adult 
/child 





















 IQ ASD < TD ASD > TD 
Abell  et al. (1999) Adult 15 (80) 28.8 n/a n/a n/a n/a  15 (80) 25.3 n/a n/a R paracingulate, L IFG, L 
occipito-temporal junction 
L amygdala, L/R anterior 
cerebellum, L MTG, R ITG 
Boddaert et al. (2004) Child 21 (76) 9.3 7-15 n/a 0 n/a  12 (58) 10.8 7-15 n/a L/R STS -- 
Bonilha et al. (2008) Child 12 (100) 12.4 8-15 n/a 0 n/a  16 (100) 13.2 n/a n/a -- L/R IFG, L/R cuneus, CG, 
precuneus, L/R thalamus, L/R 
ITG/MTG, L/R SFG, L/R SPL, L 
insula, L putamen, L/R FFG, 
L/R occipital, L lingual gyrus, L 
cerebellum, L pre-/post-CG, L 
PHGy 
Brieber et al. (2007) a Child 15 (100) 14.2 10-16 106.8 0 0  15 (100) 13.3 10-16 107.7 -- -- 
Cheng et al. (2011) a Child 25 (100) 13.7 10-18 101.6 0 0  25 (100) 13.5 11-18 109.0 R IFG, R pre-CG, L post-CG, 
cuneus, thalamus, lingual 
gyrus, STG 
ACC, paracentral lobule, SPL, 
precuneus, MFG, FFG, 
subcallosal gyrus 
Craig et al. (2007) Adult 14 (0) 37.9 n/a 103.4 n/a n/a  19 (0) 35.0 n/a 111.2 Cuneus, L ITG/STG, R MTG, R 
ACC 
-- 
D’Mello et al. (2015) Child 35 (86) 10.4 8-13 n/a n/a n/a  35 (60) 10.4 8-13 n/a R lingual gyrus, R cerebellum, 
R angular gyrus 
L PCC/precuneus, R SFG, L 
middle occipital gyrus 
Ecker et al. (2012) Adult 89 (100) 27.0 18-43 
 
110 n/a n/a  89 (100) 28.0 18-43 
 
113.0 R Occipital/ITG/ MTG/ 
cerebellum/posterior FFG/ 
lingual gyrus/ inferior and 
superior occipital gyrus/ 
cuneus/ precuneus/PCC 
L /R anterior temporal/I/M/STG/ 
FFG/PHGy/insula, L/R dlPFC/ 
MFG/pre- and post-CG 
Foster et al. (2015) Child 38 (100) 12.4 6-17 102.5 n/a n/a  46 (100) 12.6 7-17 113.1 STG, IPL, cerebellum M/I/SFG, pre-/post- CG, pre-
SMA, ACC, OFC, I/M/STG, 
FFG, lingual gyrus, PCC, 
precuneus, IPL, inferior 
occipital, striatum 
Freitag et al (2008)a Child 15 (87) 17.5 n/a 101.2 n/a 0  15 (87) 18.6 n/a 112.1 R intraparietal sulcus -- 
Greimel et al. (2013) Mixed 47 (100) 18.3 10-50 107.5 0 13  51 (100) 21.4 8-47 112.5 ACC, L/R posterior STS/MTG -- 
Groen et al. (2011) Child 17 (82) 14.4 12-18 98.0 0 n/a  25 (88) 15.5 12-18 105.0 -- -- 
Hyde et al. (2010) Adult 15 (100) 22.7 14-33 100.4 6.7 n/a  15 (100) 19.2 14-34 106.6 Post-/pre-CG Brainstem/midbrain, reticular, 
medial FG/OFG/ MFG 
Itahashi et al. (2015) a Adult 46 (100) 30.2 19-50 106.0 0 0  46 (100) 30.5 19-47 109.2 -- -- 
Kaufmann et al. (2013) Child 10 (80) 14.7 n/a 102.3 n/a n/a  10 (80) 13.8 n/a 109.5 Lateral portion of R precuneus L medial FG, R precuneus, 
Ke et al. (2008) Child 17 (82) 8.9 6-14 108.8 n/a n/a  15 (80) 9.7 6-14 109.8 R PHGy L/R IPL, post-CG, R MFG, R 
cerebellum 
Kosaka et al. (2010) Adult 32 (100) 23.8 17-32 101.6 n/a n/a  40 (100) 22.5 18-34 109.7 R insula, IFG, IPL -- 
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Kurth et al. (2011) Child 52 (73) 11.2 5-20 102.2 n/a n/a  52 (73) 11.1 6-19 106.0 Hypothalamus -- 
Kwon et al. (2004) Child 20 (100) 13.5 10-18 n/a n/a n/a  13 (100) 13.6 10-18 n/a R ITG, ACC, R FFG -- 
Langen et al. (2009) Child 99 (92) 12.9 7-24 107.6 0 n/a  89 (92) 12.4 6-24 110.0 -- -- 
Lin et al (2015)b Child 28 (100) 10.7 7-12 106.9 n/a n/a  43 (100) 10.6 7-12 115.2 R Post-CG, precuneus, L 
middle occipital gyrus 
L Subcallosal gyrus, L/R sub-
lobar 
 Adol 40 (100) 14.7 13-17 101.5 n/a n/a  18 (100) 15.5 13-17 108.7 -- -- 
 Adult 18 (100) 22.2 18-29 99.6 n/a n/a  29 (100) 23.4 18-29 116.8 -- L/R SFG, L MFG 
Lim et al. (2014) a Child 19 (100) 14.9 11-17 113.0 0 0  33 (100) 14.9 11-17 110.0 -- L MTG/STG, L medial FG 
McAlonan et al. (2002) Adult 17 (90) 32.0 18-49 96.0 n/a n/a  24 (92) 33.0 18-49 114.0 L cerebellum, R lenticular 
nucleus, R CG, R MFG/SFG, 
precuneus 
-- 
McAlonan et al. 
(2008)a 
Child 33 (82) 11.6 7-16 113.2 0 0  55 (86) 10.7 7-16 117.1 L dlPFC, L/R BG, L/R inferior 
cerebellar vermis, L STS, PCC 
-- 
Mengotti et al. (2011)a Child 20 (90) 7.0 4-14 n/a 0 0  22 (91) 7.7 4-11 n/a L SMA, R IFG R IPL, L/R ITG, L SPL, R 
superior occipital gyrus, 
precuneus 
Mueller et al. (2013) Adult 12 (75) 35.5 n/a 111.3 n/a n/a  12 (67) 33.3 n/a 110.8 L MTG, ITG -- 
Poulin-Lord et al. 
(2014) 
Adult 23 (87) 19.8 14-30 100.3 0 n/a  22 (86) 22.6 15-35 107.3 -- -- 
Poustka et al. (2012) Child 18 (89) 9.7 6-12 111.0 n/a n/a  18 (89) 9.7 6-12 112.8 -- -- 
Radeloff et al. (2014)a Mixed 34 (91) 19.1 14-33 105.7 14.7 0  26 (85) 19.5 14-27 107.8 -- -- 
Retico et al (2016) Child 38 (50) 4.6 3-7 90 0 n/a  38 (50) 4.6 2-7 94 L posterior MTG, L cerebellum, 
L/R temporal pole 
L precuneus, L PCC, R 
posterior STG, R MTG/ITG, R 
medial FG, L SPL, mid-CC 
Rojas et al. (2006) Mixed 24 (100) 20.8 7-44 94.8 n/a n/a  23 (100) 21.4 7-44 118.7 -- -- 
Schmitz et al. (2006)a Adult 10 (100) 38.0 18-52 105.0 0 0  12 (100) 39.0 18-52 106 -- -- 
Toal et al. (2010) Adult 65 (88) 31.0 16-59 98.0 n/a n/a  33 (91) 32.0 19-58 105 L cerebellum, R ITG/ PHGy/ 
STG, L STG/ITG/MTG 
R brain stem/ PHGy/thalamus/ 
caudate/CG/ MFG/ pre-CG/CG/ 
putamen/thalamus, post-CG 
Waiter et al. (2004) Child 16 (100) 15.4 12-20 100.4 n/a n/a  16 (100) 15.5 12-20 99.7 R thalamus L SFG, R FFG, L/R MTG, R 
PCC, L/R STG, L lingual gyrus, 
L IFG, L MFG, L inferior 
occipital gyrus, L PHGy 
Wilson et al. (2009) Adult 10 (80) 30.1 22-47 91.5 n/a  n/a  10 (70) 29.4 21-43 127.2 -- -- 
Note.  Thirty-seven independent ASD VBM datasets, comprising 1059 people with ASD and 1077 controls, are listed on this table. a = In these studies, participants underwent psychiatric interview to determine and exclude 
those with co-occurring psychiatric disorders, b = In this study, five participants had co-occurring ADHD diagnoses and five used psychostimulants, however, no additional information was given by the authors as to which 
age groups these participants belonged. List of abbreviations: VBM = voxel-based morphometry, GMV = grey matter volume, y = year, n/a = information not available, stim exp = stimulant exposure, i.e., present or past use 
of psychostimulant medication, com. ADHD = comorbid ADHD, R/L = right/left,  IFC/G = inferior frontal cortex/gyrus,  MTG = middle temporal gyrus, ITG = inferior temporal gyrus, STS = superior temporal sulcus, CG = 
cingulate gyrus, SFG = superior frontal gyrus, SPL = superior parietal lobe, pre-/post-CG = pre-/post-central gyrus, FFG = fusiform gyrus, ACC = anterior cingulate cortex, STG = superior temporal gyrus, MFG = middle 
frontal gyrus, PCC = posterior cingulate cortex, dlPFC = dorsolateral prefrontal cortex, SMA  = supplementary motor area, OFC = orbitofrontal cortex, BG = basal ganglia, mid-CC = mid-cingulate cortex, PHGy = 
Parahippocampal Gyrus.    
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Range, y  IQ ADHD < TD ADHD > TD 
Banich et al. (2009) Adult Stroop 23 (61) 20.0 n/a 116 61 n/a  23 (57) 19.0 n/a 113 L IPL R MFG, cuneus 
Bhaijiwala et al. 
(2014)a 
Child Stop 12 (58) 13.8 9-18 n/a 100 0  12 (50) 15.4 9-18 n/a R MFG, R MTG, L 
cerebellum 
R MFG/SFG 
Booth et al. (2005) Child GNG 12 (67) 11.0 9-12 n/a 100 n/a  12 (58) 11.7 9-12 n/a R SFG, IFC, ACC, B MFG; 
pre-CG, amygdala, fusiform, 
thalamus, caudate; L GP, 
cuneus 
-- 
Carmona et al. 
(2012) 
Adult GNG 19 (100) 33.6 n/a 110.9 0 n/a  19 (100) 29.4 n/a 111.7 -- -- 
Chantiluke et al. 
(2015) 
Child Stop 18 (100) 14.3 10-17 95 61 0  25 (100) 13.4 10-17 109 L OFC, STL/putamen/ GP, L 
IPL 
-- 
Chou et al. (2015) Child Stroop 42 (81) 10.5 7-17 108.5 0 n/a  20 (80) 12.0 8-17 106.5 R MFG/IFG, L IFG, L SPL L/R SPL Pre-CG, L dlPFC, 
ACC, Post-CG 
Congdon et al. 
(2010) 
Adult Stop 35 (54) 30.9 21-50 n/a 29 n/a  62 (45) 30.8 21-50 n/a -- -- 
Cubillo et al (2011)c Adult Stop, 
Switch 
11 (100) 29.0 26-30 92 0 n/a  14 (100) 28.0 26-30 106 R IFC, insula, thalamus, 
putamen, caudate 
-- 
Cubillo et al. (2014) Child Stop 19 (100) 13.1 10-17 92 0 0  29 (100) 13.8 10-17 110 L/R IFG, L M/ITG/IPL, R 
cerebellum/FFG 
L cerebellum, L/R 
PCC/occipital gyri, R 
STG/post-CG/posterior 
insula/putamen 
Cubillo et al. (2011)c Adult Simon 11 (100) 29.0 26-30 92 0 n/a  15 (100) 28.0 26-30 112 L OFC, IFC, MFC, ACC, 
caudate, pre-CG 
-- 
Dibbets et al. (2010)d Adult GNG 16 (100) 28.9 21-42 n/a 88 n/a  13 (100) 28.1 21-41 n/a -- -- 
Dibbets et al. (2010)d Adult Switch 15 (100) 28.8 21-42 n/a 80 n/a  14 (100) 28.6 21-41 n/a R Putamen, R CG, L 
MFG/IFG, R thalamus, L 
post-CG 
R MTG, ACC, precuneus, 
lingual gyrus, L pre-CG, 
insula 
Durston et al. (2006) Child GNG 11 (100) 14.0 8-20 100 55 n/a  11 (100) 15.3 8-20 106 -- -- 




18 (50) 14.5 12-16 108.5 72 n/a  18 (61) 14.8 12-16 114.4 R MFG/dlPFC/SFG L/R MTG/STG, L 
insula/putamen/pre-CG, L 
ITG/FFG/ PHGy/MTG, L 
pons, L amygdala/ 
hipppocampus, L FFG/ 
lingual gyrus, L post-
CG/IPG, R brainstem/ 
pons/cerebellum 
Janssen et al. (2015)  Child Stop 21 (90) 10.6 8-13 98.6 90 n/a   17 (76) 10.3 8-13 108.7 -- -- 
Konrad et al. (2006) Child Flanker 16 (100) 10.2 8-12 103 0 0  16 (100) 10.3 8-12 105 L Pre-CG, R Putamen L medial SPL 
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Kooistra et al. (2010) Adult GNG 11 (100) 21.5 18-25 110 0 n/a  11 (100) 10.1 18-25 125 -- R ACC, supramarginal gyrus 
Ma et al. (2012) Child GNG 15 (53) 9.8 8-12 100.2 0 n/a  15 (53) 22.3 8-12 102.6 -- R ITF, R midbrain, R pre-
CG, R calcarine, R inferior 
occipital, R middle occipital 
gyri, L/R cerebellum, L post-
CG, L IFG, R hippocampus 
Passarotti et al. 
(2010) 
Child Stop 11 (55) 13.1 10-18 107.6 0 n/a  15 (48) 9.9 10-18 101.2 R MFG, SFG Caudate, L cerebellar vermis 
Peterson et al. 
(2009) 
Child Stroop 16 (81) 14.1 7-18 101.2 0 n/a  20 (60) 14.1 7-18 118.5 L ACC, insula R, precuneus, 
thalamus, caudate 
R SFG, hippocampus, 
L ACC 
Rubia et al. (2005) Child Stop 16 (100) 13.2 9-16 100 0 0  21 (100) 13.4 9-16 95 R IFC, OFC, pre-CG, STL -- 
Rubia et al. (2011)b Child Simon 12 (100) 13.0 10-15 90 0 0  13 (100) 14.0 11-16 102 R IFC, SMA/ACC/PCC/ 
SPL/IPL, L vmPFC/BG/ 
thalamus, L STL/ MTL, 
occipital 
-- 
Rubia et al. (2011) b Child Stop 12 (100) 13.0 10-15 90 0 0  13 (100) 13.0 11-16 102 B IFC, insula, ACC, pre-
SMA; thalamus; R MTL, 
occipital, IPL, precuneus, 
PCC, cerebellum 
-- 
Schulz et al. (2004) Mixed GNG 10 (100) 17.9 14-18 88.4 0 0   9 (100) 13.0 14-16 91.9 R pre-CG, R ITG, L 
hippocampus, R lingual 
gyrus, L/R cerebellum 
L/R MFG, L/R IFG, ACC, 
L/R IPL, precuneus 





20 (55) 33.3 n/a 115.3 0 n/a  24 (46) 17.5 n/a 115.7 R Caudate (GNG), R GP 
(Stop), R post-CG, L para-
central lobule/mid-CC, L 
STG/MTG, R temporal pole, 
R GP (Stroop) 
-- 
Siniatchkin et al. 
(2012) c 
Child GNG 12 (83) 9.3 7-13 n/a n/a 0  12 (75) 30.3 7-13 n/a ACC, R dlPFC, R caudate -- 
Smith et al. (2006)b Child GNG 17 (100) 12.8 n/a n/a 0 0  18 (100) 9.3 n/a n/a L MFG -- 
Child Stroop 19 (100) 12.9 n/a n/a 0 0  24 (100) 12.8 n/a n/a -- -- 
Child Switch 14 (100) 13.3 n/a n/a 0 0  27 (100) 12.9 n/a n/a L STG/IFG/pre-CG/insula, R 
MTG/IFG, IPL/STG 
-- 
Spinelli et al. (2011) Child GNG 13 (69) 10.6 8-13 109.2 15 n/a  17 (47) 13.3 8-13 108.8 -- R pre-CG, MFG 
Tamm et al. (2004) c Child GNG 10 (100) 16.0 14-18 109.2 50 0   12 (100) 10.6 14-16 111.6 R ACC, SMA, SFG, MFG L MTL/ITL/STL 
Van Rooij et al. 
 (2015) a 
Child Stop 108 (64) 15.1 8-17 92.7 75 0  77 (49) 16.0 9-17 109.2 L STG, pre-CG L SMA 
Adult Stop 77 (78) 20.3 18-25 99.1 79 0  45 (33) 14.6 18-23 106.4 L SFG, R hippocampal 
gyrus 
-- 
Note. Twenty-eight independent ADHD fMRI datasets, comprising 623 people with ADHD and 607 controls, are listed on this table. a = In this study, ASD diagnosis was part of the exclusion criteria . b = In these studies, 
participants were screened for ASD using a structural clinical interview for DSM disorders (SCID) conducted in the Maudsley hospital, London.  c = In these studies, participants were screened for developmental disorders. List 
of abbreviations: GNG = Go/No-Go task, y = year, n/a = information not available, stim exp = stimulant exposure, i.e., present or past use of psychostimulant medication, com. ASD = comorbid ASD, R/L = right/left, IPL = 
inferior parietal lobe, MFG = middle frontal gyrus, MTG = middle temporal gyrus, SFG = superior frontal gyrus, IFC/G = inferior frontal cortex/gyrus, ACC = anterior cingulate cortex, pre-/post-CG = pre-/post-central gyrus, GP = 
globus pallidus, OFC = orbitofrontal cortex, STL = superior temporal lobe, SPL = superior parietal lobe, dlPFC = dorsolateral prefrontal cortex, FFG = fusiform gyrus, PCC = posterior cingulate cortex, STG = superior temporal 
gyrus, vmPFC = ventromedial prefrontal cortex, CG= cingulate gyrus, IPG = inferior parietal gyrus, SMA  = supplementary motor area, BG = basal ganglia, MTL = middle temporal lobe, ITL = inferior temporal lobe, ITG = 
inferior temporal gyrus, and mid-CC = mid-cingulate cortex.   
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Table 4-4: Sample characteristics of VBM studies of GMV abnormalities in ADHD 
Source Adult 
/child 





















 IQ ADHD < TD ADHD > TD 
Ahrendts et al. (2011) Adult 31 (65) 31.2 18-55 n/a 0 n/a  31 (65) 31.5 19-52 n/a L/R occipital lobe -- 
Almeida Montes et al. 
(2010) 
Adult 20 (50) 29.0 25-35 102.9 0 n/a  20 (50) 27.6 25-35 100.2 R caudate -- 
Amico et al. (2011) Adult 20 (75) 33.6 n/a n/a 30 n/a  20 (75) 34.7 n/a n/a -- -- 
Bonath et al. (2016) Child 18 (100) 13.6 11-17 106.8 56 n/a  18 (100) 14.1 11-17 108.1 L/R cerebellum, occipital 
cortex, L/R hippocampus, L 
ACC 
-- 
Bralten et al. (2016) a Mixed 307 17.1 8-30 97.1 87 0  196 16.7 8-30 106.6 L pre-CG, L OFC, R frontal 
pole, L paracingulate/ cingulate 
cortex/ frontal pole, bilateral 
medial frontal/ paracingulate/ 
cingulate/ subcallosal cortices 
 
Brieber et al. (2007) Child 15 (100) 13.1 10-16 104.1 67 0  15 (100) 13.3 10-16 107.7 -- -- 
Carmona et al. (2005) Child 25 (84) 10.8 6-16 n/a 100 n/a  25 (84) 11.2 6-16 n/a L pre-/post-CG, R OFG, L/R 
cerebellum 
-- 
Depue et al. (2010) Adult 31 (61) 20 n/a 114.2 77 n/a  21 (65) 19.3 n/a 112.6 -- -- 
He et al. (2015) Child 37 (100) 9.9 7-16 n/a 0   35 (100) 10.7 8-15 n/a R OFC, R PMC, L PCC, L 
posterior midcingulate cortex  
-- 
Iannaccone et al. 
(2015) 
Child 18 (50) 14.5 12-16 114.5 72 n/a  18 (61) 14.8 12-16 108.5 R medial SFG/ACC/SFG, L 
SMA/CG, L cerebellum 
R pre- and post-CG 
Johnston et al. (2014) Child 34 (100) 12.5 n/a 99.8 29 n/a  34 (100) 13.2 n/a 103.7 Brainstem, putamen -- 
Kappel et al. (2015) Child 14 (71) 9.8 8-12 104.6 0 n/a  10 (80) 11.0 8-12 111.9 R STG, R heschls gyrus, R 
rolandic operculum 
L paracentral lobule, L/R middle 
orbital gyrus, R FFG, L rectal 
gyrus 
Adult 16 (94) 23.5 19-31 97.8 0 n/a  20 (100) 23.7 19-31 108.4 R supramarginal gyrus, R 
precuneus, L OFG, R 
hippocampus, L rectal gyrus 
-- 
Kobel et al. (2010) Child 14 (100) 10.4 9-13 n/a 100 n/a  12 (100) 10.9 9-13 n/a -- -- 
Li et al. (2015) b Child 30 (100) 10.3 8-14 121.7 0 0  30 (100) 10.3 8-14 107.1 R insula, R OFC -- 
Lim et al. (2015) Child 44 (100) 13.6 10-18 92.2 18 0  33 (100) 14.3 10-18 110 L/R cerebellum, L IPL, pre-
/post-CG 
-- 
Maier et al. (2015) a Adult 131 (48) 34.5 18-58 113.1 0 0  95 (47) 37.7 n/a 121 -- -- 
McAlonan et al. (2007) Child 28 (100) 9.9 6-13 109.9 100 n/a  31 (100) 9.6 6-13 116.5 R MFG, L/R SFG, R GP, 
precuneus, L IPL, occipital 
gyrus, R cerebellum vermis 
-- 
Onnink et al. (2014) Adult 119 (39) 36.3 n/a 107.5 69 n/a  107 (42) 36.9 n/a 110.2 -- -- 
Overmeyer et al. Child 18 (83) 10.4 8-13 99 94 n/a  16 (94) 10.3 7-14 n/a R PCC, R SFG, L/R putamen -- 




Ramesh & Rai (2013) Child 15 (26) 16.8 11-20 n/a n/a n/a  15 (26) 16.7 11-20 n/a L CG, R mid-CG, L SFG, L/R 
medial SFG, L temporal lobe, L 
middle occipital gyrus, L 





Adult 49 (76) 22.2 20-24 96.6 2 0  34 (50) 22.9 20-24 112.2 L/R caudate -- 
Sasayama et al. (2010) Child 18 (72) 10.6 6-16 90 72 0  17 (71) 10.0 6-14 n/a L/R amygdala/temporal 
pole/OFC, L/R occipital cortex, 
R STS, L parietal cortex, L 
MFG, L temporal pole, R rectal 
gyrus, L PHGy 
-- 
Seidman et al. (2011) Adult 74 (51) 37.3 18-59 116 28 n/a  54 (46) 34.3 18-59 115.8 -- -- 
Shimada et al. (2015) Child 17 (88) 10.3 n/a 95.3 n/a n/a  15 (73) 12.8 n/a 104.1 L putamen -- 
Stevens & Haney-
Caron (2012) 
Child 24 (67) 15.7 12-18 n/a n/a n/a  24 (70) 16 12-18 n/a -- -- 
Van Wingen et al. 
(2013) 
Adult 14 (100) 32 22-50 104 0 n/a  15 (100) 37 22-50 99 R putamen, R cerebellum L/R midbrain, R pre-CG 
Villemonteix et al. 
(2015) 
Child 33 (55) 10.3 7-13 105.6 0 n/a  24 (50) 10 7-13 109.7 R insula, R MTG, -- 
Villemonteix et al. 
(2015) 
Child 20 (80) 10.4 7-13 107.4 100 n/a  24 (50) 10 7-13 109.7 R MFG, R pre-CG -- 
Wang et al. (2007) Child 12 (100) 13.4 n/a n/a 0 n/a  12 (100) 13.5 n/a n/a L parietal lobe, R PFC, R MTG, 
R BG 
R occipital lobe, L posterior 
lateral ventricle 
Yang et al. (2008) Child 57 (61) 11.1 7-17 196.6 86 n/a  57 (60) 11.7 7-17 n/a L/R caudate, L/R cerebellum, R 
calcarine sulcus, L cuneus 
-- 
Note.  Thirty independent ADHD VBM datasets, comprising 1283 people with ADHD and 1054 controls, are listed on this table. a = In these studies, ASD are exclusion criteria. b In this study, children were screened for 
severe language developmental delay and communication problem with parental interview, clinical history, and clinical observation. List of abbreviations: VBM = voxel-based morphometry, GMV = grey matter volume, y = 
year, n/a = information not available, stim exp = stimulant exposure, i.e., present or past use of psychostimulant medication, com. ASD = comorbid ASD, R/L = right/left, ACC = anterior cingulate cortex, pre-/post-CG = pre-
/post-central gyrus, OFC/G = orbitofrontal cortex/gyrus, PMC = premotor cortex, PCC = posterior cingulate cortex, SFG = superior frontal gyrus, SMA  = supplementary motor area, CG = cingulate gyrus, STG = superior 
temporal gyrus, IPL = inferior parietal lobe, FFG = fusiform gyrus, PHGy = parahippocampal gyrus, MFG = middle frontal gyrus, mid-CG = mid-cingulate gyrus, STS = superior temporal sulcus, MTG = middle temporal gyrus, 
and BG = basal ganglia. 
 




 Publication Search  
A comprehensive literature search was conducted on the databases PubMed, 
ScienceDirect, Scopus, and Web of knowledge for studies published up to March 
2016 using the search terms related to: (1) ASD, i.e., autism OR autistic OR 
Asperger OR ASD OR autism spectrum disorder OR pervasive developmental 
disorder; (2) ADHD, i.e., hyperkinetic OR ADHD or attention-deficit/hyperactivity 
disorder; (3) VBM; (4) inhibitory function, i.e., inhibition OR stop OR Stroop OR 
flanker OR go/no-go OR Simon OR interference OR executive function OR switch; 
and (5) neuroimaging, i.e., fMRI OR MRI. Also reviewed were past meta-analyses to 
acquire additional publications not identified by the original search. Publications 
based on whole-brain grey-matter VBM and fMRI data, as opposed to those based 
on regions of interests (ROI) specified a priori, were included. This is so because 
the latter method would inappropriately bias the present meta-analysis towards 
particular brain anatomy or functionality (Friston, Rotshtein, Geng, Sterzer, & 
Henson, 2006). For the functional MRI studies, contrasts comparing inhibitory 
function (i.e., stop, no-go, incongruent or switch trials) against control conditions 
(i.e., go, oddball, failed stop, congruent or repeated trials) were included. Excluded 
were studies that: (1) involved fewer than ten participants, deemed as having 
insufficient power in neuroimaging investigations (Cubillo et al., 2014; Desmond & 
Glover, 2002; Nakao et al., 2011); (2) included duplicate data already reported in 
other publications; (3) focused on individuals with IQ outside the normal range, i.e., 
studies exclusively involving individuals with intellectual disability or IQ above norm; 
(4) lacked patient-group or typically developing controls; (5) did not report 
information for the peak coordinates in the relevant contrasts. The present meta-
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analysis observed the “Meta-analysis of Observational Studies in Epidemiology” 
(MOOSE) guidelines (Stroup et al., 2000). 
 Materials  
The seed-based d Mapping (SDM) software package was used to meta-analyse the 
differences in the regional GMV or BOLD activation abnormalities reported across 
studies (www.sdmproject.com; see Radua et al., 2012 for details). SDM combines 
both the image-based and coordinate-based meta-analytic approaches and 
accommodates either the statistical parametric map of the MRI/fMRI contrasts of 
interest or the peak coordinates and effect size (t-scores) as input data. This 
method is more advantageous than approaches that rely exclusively on peak 
coordinates (e.g. the activation likelihood estimation [ALE] see 
https://www.brainmap.org/ale/) since the effects observed from maps across the 
brain are more accurate than those estimated from discrete peaks. SDM can also 
integrate findings from different modalities, e.g., structural and functional 
neuroimaging, which is desirable for investigating psychiatric disorders (Radua, 
Romeo, Mataix-Cols, & Fusar-Poli, 2013). In cases where statistical parametric 
maps are not available, SDM will compute effect size and activation variance maps 
for the contrasts of interest from the peak coordinate and t-scores specified, by 
convolving an anisotropic kernel (i.e., a distribution function). This kernel should be 
centred at the peak, such that its neighbouring voxels are assigned values close to 
the peak and the values reduce as they are further away from the centre. The use of 
anisotropic kernel allows the estimation of activation at each voxel, adjusted by its 
correlation with the peak, i.e., the voxels are assigned larger effect size when they 
are highly correlated with the peak. A novel feature of SDM enables adjustment for 
correlated datasets (Norman et al., 2016). The latter is especially useful for 
analysing studies that employ a within-subject design, or investigate equivalent 
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underlying cognitive functions, through several fMRI tasks using largely overlapping 
groups of participants.  
 Statistical Methods 
The population characteristics of participants included in this meta-analysis were 
explored using STATA 14 (StataCorp, 2015). Distributions of sex, age, and IQ 
amongst ASD, ADHD, and their respective control groups, were compared using 
sample-size weighted F-tests to examine differences in IQ, age, and sex. Pairwise 
comparisons between the ASD and ADHD group were conducted using sample-size 
weighted t-tests. “Within-disorder” meta-analyses were first conducted using SDM to 
find the consistent GM volume and functional abnormalities associated with ASD or 
ADHD relative to controls. In the next step, comparative “between-disorder” meta-
analyses were conducted using a linear model for examining differences of GM or 
functional activations abnormality between the ASD and ADHD samples, each 
relative to healthy controls, incorporating the sex and IQ as covariates to account for 
their differences in the ASD and ADHD samples. To reduce the effect of these 
demographic confounders in the findings, these comparative meta-analyses were 
repeated in a subset of samples matched in age, sex, and IQ. These matched 
samples were identified using an algorithm that iteratively computed group 
differences for the above factors in all possible combinations of n-k studies (where k 
started from 1) and selected one combination of those differences that had the 
largest p-value below a threshold of .05.  Throughout the iteration process, the 
number of ASD and ADHD studies was kept balanced, and the exclusion of studies 
incorporating continuous t-maps were avoided as they were more powered to detect 
differences between groups compared to data relying on discrete peak coordinates.  
Conjunction analyses were used to investigate regions with overlapping or 
mutually exclusive GM volume and functional activations abnormalities. These 
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analyses were used within each disorder group relative to controls, and between the 
disorder groups. Meta-regressions were conducted to analyse the relationships 
between GM volume or functional activations, and the proportion of participants 
exposed to psychostimulant medication. A statistical threshold of p < .005 (with a 
cluster extent of 20 voxels) was used in the meta-analysis while a threshold of p < 
.0005 was used for the meta-regressions. A jack-knife sensitivity analysis (where 
analyses were repeated leaving one dataset out and replaced in the next run each 
time) was completed to assess the replicability of findings. The analyses identified 
whether the clusters differentiating the ASD or ADHD samples from their control 
groups remained significant when one of the studies taken of the set. The Egger’s 
tests were computed within each significant cluster that differentiated cases from 
controls to assess potential publication bias in the findings.  
 
 Results 
 Search Results and Sample Characteristics 
From the database searches, 1808 records were retrieved, and five further records 
were identified from past meta-analyses. After duplicates were removed, 912 
records remained and were screened, resulting in 183 full-text articles assessed for 
eligibility, and 101 included in the meta-analysis. Of the full-text articles excluded: 
seven consisted of publications with fewer than ten participants (Epstein et al., 
2007; Karch et al., 2010; Langleben et al., 2006; Pironti et al., 2014; Schulz, Tang, 
et al., 2005; Schulz, Newcorn, Fan, Tang, & Halperin, 2005; Zang et al., 2005); 17 
included samples already used in other publications (Almeida Montes et al., 2011; 
Burgess et al., 2010; Calderoni et al., 2012; Depue, Burgess, Bidwell, Willcutt, & 
Banich, 2010; Dibbets, Evers, Hurks, Marchetta, & Jolles, 2009; Durston et al., 
2003; Ecker et al., 2010; Gori et al., 2015; Lim et al., 2013; Rubia, Cubillo, et al., 
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2010; Rubia et al., 2008; Rubia, Halari, et al., 2010; Rubia, Halari, Smith, et al., 
2009; Solomon et al., 2009; D. van der Meer et al., 2015; van Rooij & Buitelaar, 
2015; Villemonteix, De Brito, Slama, et al., 2015); five with individuals in remission 
or not meeting the criteria for current ADHD (Godinez et al., 2015; Schneider et al., 
2010; Schulz et al., 2014; van ’t Ent et al., 2007, 2009); two were selective of IQ, 
that is, including individuals with delayed development only (Riva et al., 2013) or 
individuals with above average IQ only (Riedel et al., 2014); 18 did not provide 
whole brain data (Belle et al., 2015; Bledsoe, Semrud-Clikeman, & Pliszka, 2009; 
Braet et al., 2009; Chiu et al., 2008; de Mello et al., 2013; Dillo et al., 2010; 
Fitzgerald et al., 2015; Garrett et al., 2008; Goddard, Swaab, Rombouts, & van Rijn, 
Figure 4-1: Flow diagram of literature search and study selection process 
 
Note. This literature search included the databases PubMed, ScienceDirect, Scopus and Web of knowledge for studies 
published up to 16 March 2016. See text for further details. 
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2015; Makris et al., 2015; Padmanabhan et al., 2015; Pironti et al., 2014; Pliszka et 
al., 2006; Richter et al., 2015; Salmond et al., 2005; Schwerdtfeger et al., 2013; 
Vaidya, Bunge, Dudukovic, & Zalecki, 2005; Wolfe, Auzias, Deruelle, & Chaminade, 
2015); 14 did not provide relevant contrasts (Beacher et al., 2012; Bush et al., 1999; 
Dichter & Belger, 2007; Durston et al., 2007; Goldberg et al., 2011; R. C. Mulligan et 
al., 2011; Posner et al., 2011; Salmond, de Haan, Friston, Gadian, & Vargha-
Khadem, 2003; Semrud-Clikeman et al., 2000; Spinelli, Vasa, et al., 2011; Suskauer 
et al., 2008; Vaidya et al., 1998; Vasic et al., 2014; S. Wang et al., 2013) and 16 did 
not include typically developing controls (Beauregard & Levesque, 2006; Bédard et 
al., 2003, 2015; Brown et al., 2010; Bush et al., 2008, 2013; Hoekzema et al., 2010; 
Lee, Han, Lee, & Choi, 2010; Lévesque, Beauregard, & Mensour, 2006; Parks et 
al., 2009; Proal et al., 2011; Rasmussen et al., 2015; Salmond et al., 2007; Schulz 
et al., 2012; Solanto, Schulz, Fan, Tang, & Newcorn, 2009; Sotnikova et al., 2012). 
Three other studies used methods outside the inclusion criteria, i.e., using the GNG 
preceded by emotional induction (Hwang et al., 2015) and using a primarily target 
detection task modified to include response inhibition element (Cerullo et al., 2009). 
One structural investigation not using the VBM method was also excluded (Sowell, 
Thompson, et al., 2003).   
The 101 selected articles produced 13 independent ASD fMRI datasets (208 
people with ASD and 215 controls), 37 ASD VBM datasets (comprising 1059 people 
with ASD and 1077 controls), 28 ADHD fMRI datasets (623 people with ADHD and 
607 controls), and 30 ADHD VBM datasets (1283 people with ADHD and 1054 
controls). Demographic information such as sex, age, and IQ are presented on 
Table 4-5. Sample-size weighted univariate ANOVAs applied to the fMRI inhibition 
studies indicated no group difference in age, F(3, 37) = .72, p = .54 or sex, F(3, 37) 
= 2.0, p = .13, but IQ differed across groups significantly, F(3, 31) = 10.9, p < .0001. 
Post-hoc comparisons showed that the ASD had higher IQ, t(33) = 2.9, p = .007 
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than the ADHD. Equivalent analyses of the VBM studies indicated similarly no group 
differences in age, F(3, 63) = .63, p = .60, although there were differences in sex, 
F(3, 62) = 7.1, p = .0003, and, based on the available data, in IQ, F(3, 51) = 20.9, p 
< .0001. Post-hoc comparisons indicated that there were more males in the ASD 
than the ADHD samples, t(65) = 4.3, p < .001, although the difference in IQ was not 
apparent between the ASD and the ADHD VBM samples, t(53) = .04, p = .97 (see 
Table 4-5). To account for these differences, all analyses were covaried in the first 
instance for sex and IQ.  
Table 4-5: Characteristics of overall samples and IQ-, sex-, and age-matched subsamples 
 ASD ADHD ASD con ADHD con 
(A) Overall study samples 
fMRI – inhibition     
N 208 623 215 607 
% males 88 78 87 69 
Mean age (range), y 20.4 (7-52) 17.4 (7-50) 20.4 (7-52) 17.9 (7-50) 
Mean FSIQ (SD) 109 (6.0) 102 (8.3) 116 (5.1) 104 (24.1) 
VBM     
N 1059 1283 1077 1054 
% males 90 68 89 65 
Mean age (range), y 18.3 (3-58) 21.3 (6-59) 18.0 (2-59) 21.5 (6-59) 
Mean FSIQ (SD) 104 (8.1) 103 (5.7) 110 (5.8) 110 (5.4) 
(B) Matched subsamples    
fMRI – inhibition     
N 208 390 215 406 
% males 88 84 87 82 
Mean age (range), y 20.4 (7-52) 16.4 (7-42) 20.4 (7-52) 16.5 (7-41) 
Mean FSIQ (SD) 109 (6.0) 103 (8.2) 116 (5.1) 108 (17.5) 
VBM  
N 554 652 600 602 
% males 83 79 81 79 
Mean age (range), y 16.3 (3-52)  15.8 (6-55) 16.5 (2-52) 16.3 (6-52) 
Mean FSIQ (SD) 102 (7.0) 102 (7.9) 109 (6.7) 106 (6.3) 
Note. N = overall number of subjects, ASD con = mean characteristics of controls in the ASD studies, ADHD con = controls in the 
ADHD studies, VBM = voxel-based morphometry, fMRI = functional Magnetic Resonance Imaging, % males = proportion of 
males among the samples, y = year, FSIQ = full scale IQ, and SD = standard deviation. 
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 Differences in Brain Activations during Inhibition 
 ASD fMRI 
During inhibition, individuals with ASD relative to controls showed decreased 
activation in several clusters, including the ACC/midcingulate/dmPFC, left dlPFC, 
left parahippocampal gyrus/FFG reaching into the cerebellum, right AI/IFG, left IPL, 
and right PMC areas. Enhanced activation was observed relative to controls in the 
precuneus/paracentral lobule, right inferior occipital/FFG, and right dlPFC. 
Increased age was associated with increased activation in the precuneus (Montreal 
Neurological Institute [MNI] coordinates: -4, -40, 52; Z = 2.17, p < .0001, 141 
voxels), and reduced activation in the left dmPFC/SMA (BA32, 6; MNI coordinates: -
8, 20, 46; Z = -1.37, p < .0005, 73 voxels).  
 ADHD fMRI 
Individuals with ADHD, relative to controls, showed decreased activation in several 
clusters consisting of the right AI and putamen reaching into the IFG and STL, the 
left MTG, the right caudate and the left pre-CG. Increased activation in the ADHD 
group relative to typically developing controls was found at the anterior SMA. 
Exposure to stimulant was associated with increased activation in the right MTL/STL 
(BA22) regions (MNI coordinates: 58, -16, -10; Z = 1.57, p < .0005, 27 voxels) and 
the right IFG (BA47; MNI coordinates: 44, 24, -10; Z = 1.58, p < .0005, 16 voxels). 
Increased age was associated with increased activations in the right caudate 
nucleus (MNI coordinates: 8, 10, 6; Z = 1.09, p < .0001, 198 voxels) and reduced 
activations in the right STG/MTG (BA22; MNI coordinates: 56, -18, -4; Z = -1.99, p < 
.0001, 198 voxels).   
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Table 4-6: Brain activations abnormalities during inhibition in ASD, ADHD, and their 
comparisons 
Contrasts MNI coord. 







A.     ASD vs. TD 
ASD < TD           
 ACC/midcingulate/dmPFC -2, 34, 22 1.82 <.00005 1895 24, 32, 9 
L dlPFC/IFG  -44, 32, 26 1.79 <.0001 571 46, 9 
L parahippocampal gyrus/FFG/ 
cerebellum 
-14, -46, -10 1.39 <.005 288 19, 36, 37 
L IPL  -34, -46, 52 1.33 <.005 205 40 
R PMC 42, 12, 46 1.51 <.0005 185 6, 8 
R AI/IFG 40, 16, -6 1.27 <.005 59 13, 47 
ASD > TD           
 Precuneus/paracentral lobule -4, -40, 54 1.34 <.00005 793 4, 5, 7 
R occipital lobe/FFG 36, -66, -10 1.51 <.00005 413 19, 18, 37 
R IFG triangular part/MFG 42, 26, 20 1.20 <.001 150 45, 46 
B.     ADHD vs. TD 
ADHD < TD           
 R AI/putamen/pallidum/STL 32, 16, 0 1.44 <.001 586 -- 
L MTL/STL -50, -18, -10 1.85 <.0005 404 21, 22, 38 
R caudate nucleus 8, 10, 6 1.24 <.005 77 -- 
L pre-CG -48, -10, 56 1.24 <.005 17 4 
R IFG 42, 28, -14 1.15 <.005 14 47 
ADHD > TD          
 L medial SFG -8, 2, 52 1.11 <.005 116  6/8 
C. ASD (vs. TD) vs ADHD (vs. TD) 
ASD (vs. TD) < ADHD (vs. TD)           
 ACC/midcingulate/dmPFC* 0, 32, 22 1.76 <.00005 2009 32, 24, 8, 9 
L IPL/SPL* -32, -46, 54 1.40 <.0005 638 40, 7 
L dlPFC/IFG* -40, 34, 28 1.08 <.005 228 46, 9 
R PMC* 40, 12, 48 1.03 <.005 112 6 
L lingual gyrus -28, -68, 6 1.06 <.005 22 17 
ASD (vs. TD) > ADHD (vs. TD)           
 R MTG 54, -16, -8 1.19 <.001 913 21 
Precuneus*  2, -44, 48 1.11 <.005 439 7 
R occipital lobe/FFG*  36, -70, -8 1.33 <.0005 275 19, 37 
R IFG triangular part/MFG*  44, 22, 18 1.13 <.005 142 45, 44 
             
Note. * Italic and bold print = Differences survived subgroup meta-analysis involving samples matched in age, sex, and IQ. 
 Comparisons of fMRI in ASD Versus ADHD 
Covarying for sex and IQ, individuals with ASD displayed disorder-specific reduced 
activation in comparison to the ADHD group, both relative to controls, in the 
ACC/dmPFC, and left dlPFC, as well as in the left IPL and right PMC. Reduced 
activations in the left lingual gyrus and right MTG did not survive subgroup 
analyses. People with ADHD showed disorder-specific reduction relative to ASD in 
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the right IFG triangular part. Conjunction analyses revealed shared under-
activations between the ASD groups and the ADHD groups, relative to TD controls, 
in the right insula reaching into the right IFG orbital part (BA47; MNI coordinates: 36, 
16, 0; 110 voxels). Conjunction analyses also suggested “disjunctive” relationship in 
the left medial SFG, where over-activations are associated with the ADHD groups, 
but under-activations are associated with the ASD groups relative to controls (MNI 
coordinates: -4, 36, 38; 19 voxels). This finding should be taken cautiously, 
however, as there was no indication of ASD- or ADHD-specific abnormalities in that 
region.  
 Regional Differences in GMV 
 ASD VBM  
Relative to controls, individuals with ASD showed reduced GMV in the ACC/mPFC, 
right parahippocampal gyrus/uncus, left cerebellum and thalamus. Enhanced GMV 
was found in the left temporal lobe, in the middle/inferior/superior temporal area and 
the temporal pole, right IPL, left precuneus, left vmPFC/caudate, and left PCC, and 
a cluster at the left superior frontal gyrus (SFG; Table 4-7[A]). Age did not influence 
the findings of GMV deficits in ASD. 
 ADHD VBM  
Individuals with ADHD showed decreased GMV relative to control in a large cluster 
comprising of vmOFC/vmPFC/rdACC extending deep into the right caudate, in the 
right putamen/pallidus/posterior insula, left IFG reaching into the left STG, left 
occipital gyrus/cuneus, a cluster in the left precuneus and right MFG. No GMV 
increase was found among individuals with ADHD with respect to controls (Table 
4-7[B]). Meta-regression analyses revealed positive associations between 
psychostimulant exposure and GMV in a cluster at the vmPFC (MNI coordinates: -2, 
Meta-analysis of fMRI Studies of Inhibition and VBM Studies 
196 
 
52, -26; Z = 2.11, p < .000005, 326 voxels) and negative associations at the left IFG 
(BA 47; MNI coordinates: -26, 16, -22; Z = -2.11, p < .0005, 32 voxels) and at the 
right olfactory cortex (BA 25; MNI coordinates: 2, 20, -2; Z = -2.03, p < .0005, 19 
voxels). Increased age was associated with decreased GMV in the vmOFC regions 
(MNI coordinates: -4, 54, -26; Z = -1.38, p < .0001, 93 voxels). 
Table 4-7: Abnormalities of GMV in ASD, ADHD, and their comparisons 
Contrasts MNI Coord. 








A.   ASD vs. TD 
ASD < TD           
 rdACC/dmPFC 4,42,18 1.44 <.005 168 9, 24, 32 
R parahippocampal gyrus/uncus 24, -8, -22 1.35 <.005 51 28, 34 
L cerebellum hemispheric lobule 
VIII/IX 
-8, -66, -48 1.28 <.005 30 -- 
Thalamus 0, -6, 16 1.34 <.005 20 -- 
ASD > TD           
 L MTL/ITL/STL/temporal pole -60, -22, -16 2.42 <.000005 893 21, 20, 38 
R angular gyrus/IPL 52, -58, 34 1.72 <.001 306 39, 40 
L precuneus  -12, -54, 62 1.89 <.0005 146 5, 7 
L vmPFC/caudate -12, 18, -8 1.68 <.001 126 25 
L PCC -6, -48, 20 1.65 <.001 106 23, 29, 30 
L SFG -16, 34, 42 1.56 <.005 27 8 
B.   ADHD vs. TD 
ADHD < TD           
 vmOFC/vmPFC/rdACC/ R 
caudate nucleus 
0, 50, -22 1.97 <.001 1636 11, 10, 32, 9 
R Putamen/pallidus/posterior 
insula 
30, -4, 4 2.24 <.0005 716 13 
L IFG/STG -26, 16, -22 2.14 <.0005 170 47, 38 
L occipital gyrus/cuneus -10, -94, 12 1.60 <.005 37 18 
L precuneus -18, -72, 38 1.67 <.005 27 7 
R MFG/dlPFC 28, 66, 0 1.78 <.005 20 10 
ADHD > TD           
 NIL -- -- -- -- -- 
C. ASD (vs. TD) vs ADHD (vs. TD) 
ASD (vs. TD) < ADHD (vs. TD)           
 R hippocampus/uncus 24, -6, -22 1.21 <.0005 227 28, 34 
Thalamus* -2, -4, 16 1.12 <.001 94 -- 
L posterior ITG -50, -56, -6 1.04 <.005 71 37 
ASD (vs. TD) > ADHD (vs. TD)           
 R putamen/pallidus/posterior 
insula* 
28, -4, 8 2.23 <.0001 465 
-- 
L STG/IFG/uncus/hippocampus 0, 48, -20 1.75 <.005 242 38, 47, 28, 34 
L STG/temporal pole -24, -6, -26 1.53 <.005 34 22 
R caudate nucleus* 18, 8, 14 1.79 <.001 32 -- 
L PCC*  -4, -44, 24 1.52 <.005 35 23, 30 
Note. * Italic and bold print = Differences survived subgroup meta-analysis involving samples matched in age, sex, and IQ. 
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Figure 4-2: Summary of functional, structural, and multimodal abnormalities in the ASD and ADHD groups relative to TD   
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 Comparisons of GMV Deficits in ASD versus ADHD 
Table 4-7(C) presents the findings of the ANCOVA analysis covarying for sex and 
IQ. Disorder-specific reduction of GMV was found in the ASD relative to the ADHD 
group in the thalamus, each clinical group relative to their controls. Disorder-specific 
GMV reductions in ADHD relative to ASD samples were found in the right putamen/ 
pallidus/posterior insula, right caudate nucleus, and left PCC. Differences in the 
GMV in the left and right temporal and IFG regions between ASD and ADHD did not 
survive the subgroup meta-analysis matched for age, sex and IQ (Table 4-7[C]). 
Conjunction analyses revealed shared reduction of the GMV between ASD and 
ADHD in the rACC (MNI coordinates: 0, 42, 16; 292 voxels) and increased GMV in 
a cluster in the precuneus (MNI coordinates: -14, -48, 66; 25 voxels). 
 Multimodal VBM and fMRI Analyses 
An overlapping cluster of reduced GMV and functional under-activation during 
inhibition tasks was found among individuals with ASD in the rdACC/mPFC (MNI 
coordinates: 4, 42, 18; 390 voxels). In participants with ADHD, co-occurring reduced 
GMV and functional under-activation were found in two clusters, i.e., in the right 
putamen/AI (MNI coordinates: 30, 4, 0; 240 voxels) and the right caudate nucleus 
(MNI coordinates: 10, 10, 8; 194 voxels). There were no shared abnormalities in the 
GMV, and functional activations in the ASD relative to the ADHD, both compared to 
their respective controls (Figure 4-2[C]). 
 Jack-knife Reliability Analyses 
The jack-knife reliability analyses showed that fMRI under-activations in the 
rACC/dmPFC and left dlPFC/mPFC regions among ASD studies were fully 
replicable in all 13 study combinations (Table 4-8). The fMRI findings among ADHD 
studies were mostly replicable in 25-27 of the 28 possible combinations in the right 
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insula/ putamen/STL, left MTL/STL, right caudate, left precentral gyrus, and left 
medial SFG (Table 4-9). The findings of enlarged GMV in left MTL, left precuneus, 
and left PCC among ASD was highly replicable as they were preserved throughout 
all 37 combinations of studies, whereas findings of enlarged GMV in the right IPL, 
left PCC and left SFG were replicable in 34 to 36 possible study combinations 
(Table 4-10). Among the ADHD studies, reduced GMV in the right 
putamen/pallidum/insula, vmOFC/vmPFC/rACC/ right caudate and right SFG were 
most replicable and were preserved throughout all 30 combinations of studies 
(Table 4-11). The reduced GMV in the left IFG and precuneus were preserved in 29 
combinations of studies, while the reduced GMV in the cuneus/middle occipital 
gyrus were retained in the 28 study combinations. 
Table 4-8: Jack-knife analyses of anomalous clusters in the ASD fMRI studies 













































Ambrosino et al. 
(2014) 
Yes Yes Yes Yes Yes Yes  Yes Yes Yes 
Chantiluke et al. 
(2015) 
Yes Yes No Yes No Yes  Yes No Yes 
Daly et al. (2014) Yes Yes Yes Yes Yes Yes  Yes Yes Yes 
Duerden et al. 
(2013) 
Yes Yes Yes Yes No Yes  Yes Yes Yes 
Fan et al. (2012) Yes Yes Yes Yes Yes Yes  Yes Yes Yes 
Kana et al. (2007) Yes Yes No No Yes No  Yes Yes Yes 
Kennedy et al. 
(2006) 
Yes Yes Yes Yes Yes Yes  No Yes Yes 
Schmitz et al. (2006) Yes Yes Yes Yes Yes Yes  No Yes Yes 
Shafritz et al. (2008) Yes Yes Yes No Yes Yes  Yes Yes Yes 
Shafritz et al. (2015) Yes Yes Yes Yes Yes No  Yes Yes Yes 
Solomon et al. 
(2014) 
Yes Yes Yes Yes Yes Yes  Yes Yes Yes 
Vaidya et al. (2011) Yes Yes Yes Yes Yes Yes  Yes Yes Yes 
Yerys et al. (2015) Yes Yes Yes Yes Yes Yes  Yes Yes No 
Note. List of Abbreviations L = left, R= right, rdACC = rostrodorsal anterior cingulate cortex, dmPFC = dorsomedial prefrontal 
cortex, dlPFC = dorsolateral prefrontal cortex, HG = hippocampal gyrus, MFC = middle frontal cortex, FFG = fusiform gyrus, 
IPL = inferior parietal lobe, PMC = premotor cortex, IFG = inferior frontal gyrus, AI = anterior insula.  
 
 
Table 4-9: Jack-knife analyses of anomalous clusters in the ADHD fMRI studies 







L MTL/STL R caudate 
nucleus 
L pre-CG R vlPFC  L medial 
SFG 
32, 16, 0 -50, -18, -
10 
8, 10, 6 -48, -10, 56 42, 28, -14  -8, 2, 52 
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Banich et al. (2009) Yes Yes Yes Yes Yes  Yes 
Bhaijiwala et al. (2014) Yes Yes Yes Yes Yes  Yes 
Booth et al. (2005) Yes Yes No Yes Yes  Yes 
Carmona et al. (2012) Yes Yes Yes Yes Yes  Yes 
Chantiluke et al. (2015) Yes Yes Yes Yes Yes  Yes 
Chou et al. (2015) Yes Yes Yes Yes No  Yes 
Congdon et al. (2010) Yes Yes Yes Yes Yes  Yes 
Cubillo et al. (2011) Yes Yes Yes Yes No  Yes 
Cubillo et al. (2014) Yes Yes Yes Yes No  Yes 
Dibbets et al. (2010) Yes Yes Yes Yes Yes  Yes 
Durston et al. (2006) Yes Yes Yes Yes Yes  Yes 
Iannaccone et al. (2015) Yes Yes Yes Yes No  Yes 
Janssen et al. (2015) Yes Yes Yes Yes Yes  Yes 
Konrad et al. (2006) No Yes Yes Yes Yes  Yes 
Kooistra et al. (2010) Yes Yes Yes Yes Yes  Yes 
Ma et al. (2012) Yes Yes Yes Yes No  Yes 
Passarotti et al. (2010) Yes Yes Yes Yes No  Yes 
Peterson et al. (2009) Yes Yes No Yes Yes  No 
Rubia et al. (2005) Yes Yes Yes Yes No  Yes 
Rubia et al. (2011) Yes Yes Yes Yes No  Yes 
Schulz et al. (2004) Yes Yes Yes No Yes  Yes 
Sebastian et al. (2012) Yes Yes Yes Yes No  Yes 
Siniatchkin et al. (2012) Yes Yes No Yes Yes  Yes 
Smith et al. (2006) Yes Yes Yes Yes Yes  Yes 
Spinelli et al. (2011) Yes Yes Yes Yes No  Yes 
Tamm et al. (2004) Yes Yes Yes Yes Yes  Yes 
Van Rooij et al. (2015) * Yes No Yes No Yes  No 
Van Rooij et al. (2015) * Yes Yes Yes Yes Yes  Yes 
Note. List of Abbreviations L = left, R= right, STL = superior temporal lobe, MTL = middle temporal lobe, pre-CG = precentral 
gyrus, vlPFC = ventolateral prefrontal cortex, SFG = superior frontal gyrus; * Van Rooij et al. (2015) = datasets were separated 
between children and adults. 
 
Table 4-10: Jack-knife analyses of anomalous GMV clusters in the ASD studies 

























































Abell et al. (1999) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Boddaert et al. 
(2004) 
Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Bonilha et al. (2008) Yes Yes Yes Yes  Yes Yes Yes Yes Yes No 
Brieber et al. (2007) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Cheng et al. (2011) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Craig et al. (2007) Yes No Yes Yes  Yes Yes Yes Yes Yes Yes 
D’Mello et al. (2015) Yes Yes Yes Yes  Yes Yes Yes Yes No Yes 
Ecker et al. (2012) Yes Yes Yes Yes  Yes Yes Yes Yes Yes No 
Foster et al. (2015) Yes Yes No Yes  Yes Yes Yes Yes Yes Yes 
Freitag et al. (2008) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Greimel et al. (2013) No Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Groen et al. (2011) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Hyde et al. (2010) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Itahashi et al. (2015) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Kaufmann et al. 
(2013) 
Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Ke et al. (2008) Yes No Yes Yes  Yes Yes Yes Yes Yes Yes 
Kosaka et al. (2010) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Kurth et al. (2011) Yes Yes Yes No  Yes Yes Yes Yes Yes Yes 
Kwon et al. (2004) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Langen et al. (2009) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Lim et al. (2015)  Yes Yes No Yes  Yes Yes Yes Yes Yes Yes 
Lin et al. (2015) * Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
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Lin et al. (2015) *  Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Lin et al. (2015) * Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
McAlonan et al. 
(2002) 
Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
McAlonan et al. 
(2008) 
Yes Yes No No  Yes Yes Yes Yes Yes Yes 
Mengotti et al. 
(2011) 
Yes Yes Yes Yes  Yes No Yes Yes No Yes 
Mueller et al. (2013) Yes Yes No Yes  Yes Yes Yes Yes Yes Yes 
Poulin-Lord et al. 
(2014)  
Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Poustka et al. (2012) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Radeloff et al. 
(2016) 
No No Yes Yes  Yes Yes Yes Yes Yes Yes 
Retico et al. (2016) Yes Yes Yes Yes  Yes Yes Yes Yes No Yes 
Rojas et al. (2006) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Schmitz et al. (2006) Yes Yes Yes Yes  Yes Yes Yes Yes Yes No 
Toal et al. (2010) Yes No Yes Yes  Yes Yes Yes Yes Yes Yes 
Waiter et al. (2004) Yes Yes No Yes  Yes Yes Yes Yes Yes Yes 
Wilson et al. (2009) Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Note. List of Abbreviations L = left, R= right, rACC = rostral anterior cingulate cortex, mPFC = medial prefrontal cortex, HG = 
hippocampal gyrus, MTL = middle temporal lobe, IPL = inferior parietal lobe, vmPFC = ventromedial prefrontal cortex, PCC = 
posterior cingulate cortex, SFG = superior frontal gyrus. * Lin et al. (2015) = datasets were separated between children, 
adolescents, and adults.  
 
 
Table 4-11: Jack-knife analyses of reduced GMV clusters in the ADHD studies 






















28, 66, 0 
Ahrendts et al. (2011) Yes Yes Yes Yes Yes Yes 
Almeida Montes et al. 
(2010) 
Yes Yes Yes Yes Yes Yes 
Amico et al. (2011) Yes Yes Yes Yes Yes Yes 
Bonath et al. (2016) Yes Yes Yes Yes Yes Yes 
Bralten et al (2016) Yes Yes No Yes No Yes 
Brieber et al. (2014) Yes Yes Yes Yes Yes Yes 
Carmona et al. (2005)  Yes Yes Yes Yes Yes Yes 
Depue et al. (2010) Yes Yes Yes Yes Yes Yes 
He et al. (2015) Yes Yes Yes Yes Yes Yes 
Iannaccone et al. (2015) Yes Yes Yes Yes Yes Yes 
Johnston et al. (2014) Yes Yes Yes Yes Yes Yes 
Kappel et al. (2015) * Yes Yes Yes Yes Yes Yes 
Kappel et al. (2015) * Yes Yes Yes Yes Yes Yes 
Kobel et al. (2010) Yes Yes Yes Yes Yes Yes 
Li et al. (2015)  Yes Yes Yes Yes Yes Yes 
Lim et al. (2015) Yes Yes Yes Yes Yes Yes 
Maier et al. (2015) Yes Yes Yes Yes Yes Yes 
McAlonan et al. (2007) Yes Yes Yes Yes Yes Yes 
Onnink et al. (2014) Yes Yes Yes Yes Yes Yes 
Overmeyer et al. (2001) Yes Yes Yes Yes Yes Yes 
Ramesh et al. (2013) Yes Yes Yes No Yes Yes 
Roman-Urrestarazu et 
al. (2015) 
Yes Yes Yes Yes Yes Yes 
Sasayama et al. (2010) Yes Yes Yes Yes Yes Yes 
Seidman et al. (2011) Yes Yes Yes Yes Yes Yes 
Shimada et al. (2016) Yes Yes Yes Yes Yes Yes 
Stevens et al. (2012) Yes Yes Yes Yes Yes Yes 
Van Wingen et al. (2013) Yes Yes Yes Yes Yes Yes 
Villemonteix et al. (2015) Yes Yes Yes Yes Yes Yes 
Wang et al. (2007) Yes Yes Yes Yes Yes Yes 
Yang et al. (2008) Yes Yes Yes No Yes Yes 
Note. List of Abbreviations L = left, R= right, vmOFC = ventromedial orbital prefrontal cortex, vmPFC = ventromedial prefrontal 
cortex, rACC = rostral anterior cingulate cortex, IFG = inferior frontal gyrus, SFG = superior frontal gyrus. * Kappel et al. (2015) 
= datasets were separated between children and adults. 
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 Egger Tests for Publication Bias 
Egger test revealed publication bias for one cluster found in the fMRI meta-analysis 
of the ASD samples at the rACC/dmPFC (p = .0012) although no publication bias 
was observed in any other clusters or in the clusters of ASD-related GMV 
abnormalities. Publication bias among the ADHD fMRI studies was detected for one 
brain activation cluster in the left medial SFG (p = .045), although no publication 
bias was found with respect to the ADHD-related GMV abnormalities. The 
publication bias would indicate underreporting of non-significant finding in these 
clusters. 
 Discussion 
During inhibition, people with ASD displayed disorder-specific under-activation 
relative to the ADHD group in ACC/midcingulate/dmPFC, left MFG/dlPFC, left 
IPL/SPL, right PMC, and disorder-specific increased activation in the precuneus, 
and right occipital lobe/FFG. People with ADHD showed disorder-specific 
decreased activation in the right IFG triangular part/MFG during inhibition relative to 
the ASD group, both with respect to typical developing controls. Conjunction 
analyses of fMRI data revealed shared under-activations between ASD and ADHD 
relative to controls in a cluster in the right insula reaching into the IFG orbital part 
(BA 47). Structurally, ASD-specific GMV reductions were found in the thalamus 
relative to ADHD and an ADHD-specific reduction was observed relative to ASD, 
both with respect to controls, in the right putamen/caudate/posterior insula, right 
caudate nucleus and left PCC. Conjunction analyses of VBM data revealed shared 
GMV reduction between ASD and ADHD relative to controls in the mPFC/ACC 
area, and shared GMV increase in the precuneus. Within group, the multimodal 
analyses showed that GMV reduction in the mPFC/ACC among individuals with 
ASD coincided with functional under-activation in the same region, whilst among 
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individuals with ADHD, GMV reduction coincided with functional under-activation in 
the right caudate and right putamen/insula.  
 Disorder-specific and Shared Deficits during Inhibition 
Among the regions functionally impaired in ASD, only the rdACC/dmPFC and the 
PMC are typically activated during inhibition (Cai et al., 2014; Swick, Ashley, & 
Turken, 2011). The roles of the dmPFC/dACC, including regions such as the pre-
SMA during inhibition are not fully clear, although it is thought that the dmPFC and 
the IFG, including the opercular, triangular, and some of the orbital parts (BA44, 45, 
and 47), work together to send a “stop command” via the BG that inhibits the 
activation of the motor cortex (Aron, 2011, p. e56). The activation of dmPFC/dACC 
during the inhibitory task could also partly reflect responses to stimulus change 
during the motor response inhibition task (Botvinick et al., 1999; Braver, 2001; 
Grahn & Manly, 2012). The dorsal division of the ACC is part of the salience 
network and is typically activated during detections of salient stimuli, such as 
conflicts during Stroop task (Botvinick et al., 1999), and low-frequency stimulus 
presentation in the GNG, target detection, and forced-choice tasks (Braver, 2001), 
and error processing (Garavan, Ross, Kaufman, & Stein, 2003; Rubia et al., 2005). 
In ASD, abnormal dACC/dmPFC function is associated with core symptoms of 
autism, including in social impairment (Monk et al., 2009; Ohnishi et al., 2000) and 
repetitive behaviour (Shafritz et al., 2008), rendering the conceptualisation of ASD-
related difficulties open to either deficits in inhibition, or self-monitoring.  
  The dlPFC, IPL and precuneus are often activated during inhibition as well 
as during the attention task (Nee et al., 2007; Swick et al., 2011). The dlPFC, as 
well as regions such as the vlPFC, dmPFC, and insula are known as the “task-
positive” regions, and are typically active during goal-directed tasks. Resting state 
studies have shown that the dlPFC is part of the executive control network, and its 
Meta-analysis of fMRI Studies of Inhibition and VBM Studies 
204 
 
activation is thought to be related to coordinating responses towards inhibitory sets 
or task rules (Arnsten & Rubia, 2012; Aron, 2011). The IPL is activated during tasks 
requiring different aspects of attention including sustained attention (Foucher, 
Otzenberger, & Gounot, 2004), target or novel stimuli detection (Gur et al., 2007; L. 
M. Williams et al., 2007), and phasic orienting (Fan, Mccandliss, Fossella, 
Flombaum, & Posner, 2005). The IPL is also currently thought to bridge the divide 
between the dorsal and ventral attention networks and serve to both maintains and 
orients attention (Singh-Curry & Husain, 2009). Finally, the precuneus is one of the 
main nodes of the DMN, together with the vmPFC, dmPFC, PCC, and the lateral 
parietal cortex (Raichle, 2015). It is functionally connected to both the DMN and the 
fronto-parietal network regions such as the dlPFC and the IFG, but activates in an 
anti-correlated manner relative to these task-positive regions. Reduced deactivation 
in the DMN during task was found among people with ASD during the Stroop task 
(Kennedy et al., 2006); during a visual search task, which was found shared with 
unaffected siblings (M. D. Spencer et al., 2012); and during a sustained-attention 
task, concomitant to reduced activation in the left dlPFC (Christakou et al., 2013). 
Overall these findings suggest that ASD-specific increase of self-referential 
thoughts, or attentional lapses during tasks, may influence the performance of motor 
and interference inhibition in the population. 
      The ADHD-specific reduced activation in the right IFG relative to ASD (BA 
44/45) is consistent with previous meta-analytic findings (Hart et al., 2013; 
McCarthy, Skokauskas, & Frodl, 2014; Norman et al., 2016). The IFG is important 
for inhibition as well as cognitive control (Arnsten & Rubia, 2012). Meta-analytic 
studies have shown that action cancellation or restraint are most prominently 
associated with the right IFG activation (Cai et al., 2014; Criaud & Boulinguez, 2013; 
B. J. Levy & Wagner, 2011), while interference control is associated with bilateral 
IFG (Derrfuss, Brass, Neumann, & von Cramon, 2005). The right IFG is thought to 
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implement a “brake” during inhibition (Aron, Robbins, & Poldrack, 2014), since 
permanent damage or temporary cortical disruption by transcranial magnetic 
stimulation in this region was able to impair stopping (Aron, Fletcher, Bullmore, 
Sahakian, & Robbins, 2003; Chambers et al., 2006). Recent findings have also 
suggested that the IFG played role in the early stage of the inhibitory process 
because its activation predicted individuals’ variations of stop-signal response time 
(SSRT) but not accuracy during a stop-signal task (Cai et al., 2014). The IFG 
impairment has also been found to be specific to ADHD relative to OCD in a meta-
analysis of inhibition tasks (Norman et al., 2016). It is also ADHD-specific relative to 
conduct disorder during attention and cognitive control tasks (Rubia, 2011; Rubia, 
Smith, Halari, et al., 2009). Furthermore the IFG impairment is ADHD-specific 
relative to paediatric bipolar disorder (Passarotti & Pavuluri, 2011). The present 
meta-analysis shows that the specificity of reduced activation in IFG, triangular part, 
may also extend relative to ASD. 
The pattern of right-lateralized IFG impairments in ADHD during inhibition is 
consistent with the view of right-dominant IFG specialisation during inhibition  (Aron 
et al., 2014; Cai et al., 2014; Criaud & Boulinguez, 2013; B. J. Levy & Wagner, 
2011). In contrast, this meta-analysis result suggests that during inhibition ASD is 
specifically associated with reduced activation in the left dlPFC/IFG (among other 
regions). Atypical hemispheric lateralisation has been reported among individuals 
with ASD or those with autistic traits. It has been found not only in the context of 
language where the lack of left-lateralisation of language function such as verbal 
fluency and language processing has been shown (see, e.g., Floris, Lai, et al., 
2016; Kleinhans, Müller, Cohen, & Courchesne, 2008; Saban-Bezalel & Mashal, 
2015), but also in the context of motor function deficits (Floris, Barber, et al., 2016), 
reinforced by findings of marked increase of left‐and mixed‐handedness among 
individuals with autism (reviewed by Lindell & Hudry, 2013). In the cognitive domain, 
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atypical lateralisation have been observed during face and gaze perception (Keehn, 
Vogel-Farley, Tager-Flusberg, & Nelson, 2015; Tye et al., 2013), spatial attention 
(English, Maybery, & Visser, 2015), and attention orienting and executive tasks 
(Rinehart, Bradshaw, Brereton, & Tonge, 2002). The present meta-analysis adds 
inhibitory control among the variety of cognitive functions that may be atypically 
lateralised in individuals with ASD.          
  The conjunction analyses of the fMRI data have shown a shared reduced 
activation in a small cluster in the right AI, reaching into the orbital part of the IFG 
(BA47) between the ASD and the ADHD groups. Functionally, the AI has an 
established role in salience detection (Menon & Uddin, 2010). It is intrinsically 
connected with the dACC and form the salience network (Seeley et al., 2007; 
Taylor, Seminowicz, & Davis, 2009), and is also activated in response to internal 
bodily state and subjective feelings, such as emotional awareness (Picard, 
Scavarda, & Bartolomei, 2013), pain perception (Ostrowsky, 2002), and empathy 
(Singer et al., 2006). Therefore, the AI is thought to play a crucial role in 
interoceptive or self-awareness (A. Craig, 2009; Critchley, Eccles, & Garfinkel, 
2013). The AI’s role during inhibition is not entirely clear (Aron, 2011), although a 
previous meta-analysis has shown that activation of the AI and that of the dmPFC 
(pre-SMA), maximally overlapped during performance of the GNG and the stop-
signal tasks (Swick et al., 2011; see also Dambacher et al., 2014), suggesting its 
importance during both action restraint and cancellation. Significant correlations 
between the activation in the insula and the stop-signal task SSRT and accuracy 
are found among children with ADHD. This suggests that the AI activation exerts 
direct influence on inhibition (Boehler, Appelbaum, Krebs, Hopf, & Woldorff, 2010). 
Furthermore, a recent structural study has also shown that AI volume is negatively 
correlated with commissions on the CPT task among children with ADHD, 
suggesting its association with increased impulsivity in the population (Lopez-
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Larson, King, Terry, McGlade, & Yurgelun-Todd, 2012). Most importantly, both AI 
and the IFG, orbital part, are implicated in motor and interference inhibition deficits 
in ADHD (Hart et al., 2013; Norman et al., 2016). Therefore, one possible 
interpretation to the present meta-analytic finding is that the overlapping of 
impairments in this small cluster reflects common difficulties in salience detection or 
motor and interference inhibition among individuals in the ASD and ADHD groups. 
 Disorder-specific and Shared GMV Deficits 
Most interesting is the finding of ASD-specific reduced thalamic GMV relative to 
ADHD. In the first ever neuroanatomic model of ASD, Damasio and Maurer (1978) 
hypothesised a link between the dorsomedial and anterior nuclei of the thalamus 
and autism to explain the reduced facial expressiveness in the population. Several 
studies have indicated that a range of structural features of the thalamus differed 
between people with ASD relative to controls. For instance, reduced thalamic 
volume has been found in people with ASD (Tamura, Kitamura, Endo, Hasegawa, & 
Someya, 2010; Tsatsanis et al., 2003) and the thalamic volume in children and 
adults with ASD appear not to follow a linear relationship with the total brain volume 
as is usually observed in the typically developing controls (Hardan et al., 2006, 
2008). In studies with much larger (n ≥ 100) samples of people with ASD, however, 
thalamic volume was found to not differ relative to controls (Lange et al., 2015; 
Schuetze et al., 2016), although further analyses of thalamic surface by Schuetze et 
al. (2016) revealed greater surface area in the left and right thalamus and more 
concave surface in the right medio-dorsal nucleus in the ASD relative to controls. 
The thalamus is traditionally seen as a sensory relay. However, observations of 
patients with thalamic lesions also suggest other roles in social cognition, mood 
regulation, as well as EF (Carrera & Bogousslavsky, 2006; Ioannidis et al., 2013). In 
autism, the role of the thalamus is not well-understood. However, Schuetze et al. 
(2016) have shown recently that the left thalamic surface area among individuals 
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with ASD was associated with symptom severity. Consistent with these findings, the 
current meta-analysis shows that thalamic GMV deficit is present in ASD and 
furthermore, that this deficit is disorder-specific to ADHD. 
Enlarged GMV in the left ventral PCC was found in the ASD relative to the 
ADHD group. This is an important finding in the light of the ASD-specific increased 
activation in the precuneus during inhibition and the enlarged GMV in the left 
precuneus in the ASD group relative to controls (see below). Post-mortem studies in 
individuals with autism show altered PCC cytoarchitecture, reduced γ-aminobutyric 
acid-A (GABA-A) receptors and benzodiazepine binding sites (Oblak, Gibbs, & Blatt, 
2011; Oblak, Rosene, Kemper, Bauman, & Blatt, 2011), which suggest a local 
inhibitory processing abnormality. As discussed previously, the PCC GMV and 
precuneus abnormalities in the ASD may point to DMN impairment related to poor 
attention. This is supported by past findings of failure to deactivate during cognitive 
tasks (Christakou et al., 2013; Kennedy et al., 2006). The DMN is also thought to be 
central to the socio-cognitive difficulties in ASD (Murdaugh et al., 2012; Yerys, 
Gordon, et al., 2015), reinforced by findings of atypical activations in these regions 
during ToM, emotional awareness, and social processing (Kana et al., 2015; 
Murdaugh et al., 2012; Salmi et al., 2013; Silani et al., 2008). Further, classifications 
based on regions implicated in the DMN differentiate individuals with autism from 
controls with high accuracy (Murdaugh et al., 2012; Uddin et al., 2011). By applying 
multivariate “searchlight” pattern analysis on VBM data in the ventral PCC, Uddin 
(2011) classified 24 autistic individuals and 24 controls with 92% accuracy and the 
region discriminated children with severest communication symptoms from the 
mildest as judged on the ADI-R. Likewise, Murdaugh (2012) found that the DMN 
connectivity patterns and its reduced deactivation after ToM task allowed 
discrimination of 13 individuals with HFA from 14 controls with 96% accuracy. This 
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suggests a strong association between ASD and DMN structural and functional 
impairments. 
Unlike in previous studies in children and young adults with ASD (Langen et 
al., 2009, 2014) using manual tracing method of the striatal structures, no increase 
in the caudate or putamen GMV was found in the present meta-analysis. These 
conflicting results might be attributed to methodological differences as those studies 
used manual tracing to delineate the striatal structure in people with ASD before 
comparing them against controls. While increased striatal volume has also been 
reported in a few VBM whole-brain studies (Bonilha et al., 2008; Foster et al., 2015; 
Toal et al., 2010), such a structural difference is lost in the present study. This could 
be attributed to the lack of power for finding subtle difference in this subcortical 
structure. 
 ADHD was associated with disorder-specific GMV reduction relative to ASD 
in right caudate, putamen and insula. Structural abnormalities in the right 
caudate/putamen in ADHD have been found in previous meta-analyses (Frodl & 
Skokauskas, 2012; Nakao et al., 2011). The dorsal BG and insula are part of the 
ventrolateral frontostriatal saliency and EF networks (Arnsten & Rubia, 2012), which 
is implicated in sustained attention and inhibitory control frequently impaired in 
ADHD (Lipszyc & Schachar, 2010; Willcutt et al., 2008). More recently the dorsal 
striatum is also thought to play a critical role during “proactive” or selective stopping, 
that is, self-generated inhibitory control (Aron, 2011; Majid, Cai, Corey-Bloom, & 
Aron, 2013; Zandbelt & Vink, 2010), in contrast to “reactive” stopping that is typically 
studied in ADHD. Although not often discussed in the ADHD literature, proactive 
inhibition may be as relevant as reactive inhibition to the condition. Many aspects of 
inhibitory action in everyday life involve deliberately selective as well as reactive 
inhibition. For instance, distancing oneself from distracting activities such as 
checking emails or browsing one’s phone, and reducing instead of picking up speed 
Meta-analysis of fMRI Studies of Inhibition and VBM Studies 
210 
 
at the traffic lights, depend on proactive stopping. Research in proactive stopping in 
ADHD could further our understanding of the inhibitory mechanism associated with 
condition. Finally, Norman’s (2016) meta-analysis has shown that the GMV in this 
region is disorder-dissociated between ADHD and OCD where it was reduced in 
structure in ADHD and enhanced instead in OCD. The current meta-analysis 
extends these findings by showing that right striatal and insula GMV reductions are 
also disorder-specific relative to ASD.  
Reduced GMV in the rdACC/dmPFC and enhanced GMV in the precuneus 
were found shared between ASD and ADHD in this meta-analysis. Reduced GMV in 
dACC, and also bilateral insula, are interestingly shared among patients with 
schizophrenia, major depression, bipolar disorder, addiction, and obsessive-
compulsive disorders (Goodkind et al., 2015), as well as among children with 
disruptive behaviour (Alegria, Radua, & Rubia, 2016). In this context, the present 
meta-analysis results might suggest that reduced dACC GMV features 
transdiagnostically among a wider range of psychiatric conditions including ASD 
and ADHD. Most interestingly, multimodal analyses of structural and functional data 
in ASD showed that functional under-activation in the dACC/dmPFC was 
conjunctive with reduced GMV, suggesting that the functional abnormalities in this 
region in ASD might be underpinned by structural deficits. As discussed above 
reduced dACC GMV might affect response monitoring ability, which can negatively 
influence EF and attention task performances (see Goodkind et al., 2015). 
Furthermore, reduced GMV in the rdACC/mPFC in ASD and ADHD might be 
associated with poor top-down regulation of emotion (Bush, Luu, & Posner, 2000; 
Etkin, Egner, & Kalisch, 2011), which could lead to the unregulated emotionality and 
temper outbursts typically observed in these populations (Goldin et al., 2013; 
Mazefsky et al., 2013; Skirrow et al., 2014; Surman et al., 2013). 
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Shared increase in the precuneus GMV between ASD and ADHD relative to 
controls is partly in line with the hypothesised shared DMN impairment, although the 
inhibitory study meta-analysis has shown that functional impairment in this region 
was ASD-specific, rather than shared with the ADHD group. The current finding of 
enhanced precuneus GMV in the ADHD groups is consistent with results from 
previous meta-analyses (Frodl & Skokauskas, 2012; Nakao et al., 2011). The 
abnormalities of the DMN in ADHD are generally thought to be related to attentional 
lapses and mind wandering (Christoff et al., 2009; Weissman et al., 2006), as 
resting-state functional connectivity studies in individuals with ADHD have 
consistently shown reduced inverse connectivity between the DMN and the frontal 
regions (Cao et al., 2009; Castellanos et al., 2008; Hoekzema et al., 2014), 
presumably reflecting a failure in the brain’s intrinsic ability for modulating the DMN 
during a task.  
Despite shared structural abnormalities in precuneus between both 
disorders, DMN abnormalities during inhibition were not found consistently in the 
ADHD studies. The reason for this finding is unknown given that reduced DMN 
deactivation has been observed in children and adults with ADHD during a variety of 
task-based and resting state studies (Dibbets et al., 2010; Liddle et al., 2011; Schulz 
et al., 2004), shared in some studies with children with ASD (Chantiluke, Barrett, 
Giampietro, Brammer, Simmons, Murphy, et al., 2015; Christakou et al., 2013; Di 
Martino et al., 2013). One possible reason could be that the DMN abnormalities in 
the two disorders are qualitatively different. The meta-analysis results suggested 
that the reduced DMN suppression was more apparent during inhibitory state in 
people with ASD, while for people with ADHD this phenomenon might be non-
inhibitory specific. Note that only a small proportion of studies in ADHD found 
reduced precuneus suppression specifically during inhibition trials (e.g., Dibbets et 
al., 2010; Schulz et al., 2004). In a recent study, Liddle et al. (2011) has shown that 
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attenuated DMN deactivation in children with ADHD, although reversed by 
methylphenidate, was in fact non-differentiated across the trial types of a GNG task, 
suggesting that the phenomenon was associated with a task-positive condition 
rather than specifically to an inhibitory state. Another possible explanation could be 
that some tasks are more sensitive to precuneus deactivation than others, given 
that different inhibitory tasks tap brain activations from slightly different areas 
(Criaud & Boulinguez, 2013; Nee et al., 2007; Swick et al., 2011). It is possible that 
the apparent precuneus abnormalities in the ASD samples were a by-product of 
unequal proportion of studies utilizing specific tasks.  Stratifying the analyses 
according to task types can be done in future meta-analytic studies, although it was 
not possible to do this in the present analysis due to the limited number of ASD 
studies. Finally, the relatively small number of ASD studies could have led to low 
statistical power and, in turn, increased probability of false positive findings in the 
precuneus. It is thus important to repeat these analyses using larger number of 
inhibitory studies in ASD samples in the future. 
The present findings of abnormalities in ASD and ADHD suggest that they 
are mostly disorder-specific with relatively few shared abnormalities, at least from 
the point of view of their inhibitory-related brain function and structural GMV 
abnormalities. The findings pose the possibility that the two conditions are 
distinctive and separate, despite being similarly impaired in inhibition according to 
behavioural studies (Geurts, van den Bergh, et al., 2014; Kuiper et al., 2016). This 
interpretation is consistent with the distinctive phenomenology of each disorder, as 
discussed in the literature. ADHD has been thought of as primarily a disorder of 
inhibitory function with delayed brain structure and function maturation (P. Shaw et 
al., 2007, 2012; Sripada et al., 2014), affecting the frontal part of the brain as well as 
subcortical regions such as BG. The GMV in the BG, particularly, has been shown 
to be age-dependent in a previous meta-analysis. Thus, only ADHD children were 
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impaired but not older ADHD patients were not (Nakao et al., 2011). Other meta-
analytic findings were also suggestive of greater decreases of inhibitory-related 
activation in the BG in children compared to adults (Hart et al., 2013; Lei et al., 
2015), which was confirmed by a meta-regression analysis in the present meta-
analysis. ASD on the other hand is conceptualised as atypical brain development. It 
is characterised by abnormal acceleration of brain growth in the first 2 years 
especially in the frontal lobe, related to excess cortical neurons, aberrant pattern of 
connectivity, and belated synaptic pruning (Courchesne et al., 2011; Redcay & 
Courchesne, 2005). This is supported by post-mortem findings of active 
neurogenesis in some individuals with autism as well as dysregulated neuronal 
migration and maturation (Wegiel et al., 2010).  
Unlike in ADHD, the impairment of inhibition among individuals with ASD is 
heterogeneous across neurocognitive studies, neither accounted for by variations of 
IQ nor age (Kuiper et al., 2016). Two possible explanations can be tentatively 
offered based on the present meta-analytic findings. First, inhibitory response 
difficulties among individuals with ASD might be underpinned by a range of 
neurofunctional impairments, associated with e.g. inhibition, monitoring, set 
maintenance, sustained and selective attention, or even self-referential thinking, 
which singularly or in combination has produced variable outcomes of inhibitory 
performance, including an impaired one. Conversely, the inhibitory difficulties in 
ADHD are specifically related to under-active right IFG, a key region of action 
inhibition (Cai et al., 2014; Criaud & Boulinguez, 2013; B. J. Levy & Wagner, 2011). 
Thus, poor task performance among people with ASD that is mediated by 
neurofunctional deficits in areas not typically impaired in ADHD would constitute a 
neurocognitive phenocopy. Second, poor inhibitory performance observed among 
individuals with ASD as well as ADHD could be associated with common 
impairments in the right AI and inferior frontal area (orbital part), and possibly in the 
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precuneus, although the latter was not sufficiently conclusive due to the discrepancy 
between the structural and the functional findings in the meta-analyses.  Implicated 
in both motor inhibition and interference in ADHD (Hart et al., 2013; Norman et al., 
2016), AI and IFC impairment among individuals with ASD might characterise 
shared impairment and, therefore, reflecting a pleiotropic influence for both 
disorders.  
 Meta-analytic Findings within Each Disorder Relative to Controls 
In addition to the above disorder-specific and shared findings, several other 
differences were noted between each disorder group relative to controls. Left 
cerebellar GMV deficits were found in ASD relative to controls, which were 
consistent with previous meta-analyses (Cauda et al., 2011; Nickl-Jockschat et al., 
2012; Stoodley, 2014). Observations of cerebellar abnormalities among individuals 
with autism included the hypoplastic cerebellar vermian lobules, judged from MRI 
scans (Courchesne et al., 1994; Hashimoto, Tayama, Miyazaki, Murakawa, & 
Kuroda, 1993; Levitt et al., 1999). This was supported by post-mortem findings of 
reduced number and density of cerebellar Purkinje cells and profound disruption to 
the olivofloccular circuits (Skefos et al., 2014; Wegiel et al., 2013; Whitney, Kemper, 
Bauman, Rosene, & Blatt, 2008), which, given the latter’s contribution to eye 
movement control, might explain the atypical gaze in autism (Wegiel et al., 2013). 
Focal GMV reduction in several cerebellar regions, including the lobule VIII and IX, 
and anterior lobules I-V have also been found and they correlate with impairments 
in social interaction among individuals with autism (D’Mello et al., 2015; Hodge et 
al., 2010; Rojas et al., 2006). These findings suggest that cerebellar deficit is part of 
the characteristic neuropathology of autism.       
The functional and structural findings in ADHD relative to controls showed 
predominantly reduced activation in the executive networks in the frontal and striatal 
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regions, which is consistent with the hypothesis of delayed brain maturation (P. 
Shaw et al., 2007, 2012; Sripada et al., 2014). In addition to the ADHD-specific 
reduced activations in right IFG relative to ASD during inhibition, reduced activations 
in left MTL/STL and right AI/putamen/pallidum/STL and right caudate nucleus were 
also found relative to controls. Interestingly, the multimodal analyses showed that 
the inhibitory-related striatal impairment coincided with ADHD-specific reduced 
GMV in these regions, indicating a possible link between the functional impairment 
and structural deficits of the striatum.  
Relative to controls, the ADHD groups also displayed significantly reduced 
GMV in the vmOFC, which, together with the ventral striatum, were key regions for 
the top-down motivation control network (Plichta & Scheres, 2014). Studies 
consistently found under-activated reward-sensitive limbic regions such as ventral 
and dorsal striatum, during the anticipation of rewards (Kappel et al., 2015; Plichta & 
Scheres, 2014). Reward receipt was associated with the opposite pattern of 
increased activation in the ventral or dorsal striatum (Furukawa et al., 2014; 
Stroehle et al., 2008; Von Rhein et al., 2015), but mixed findings with respect to the 
vmOFC. With respect the latter, studies have shown under-activated vmOFC 
among children and adults with ADHD (Cubillo et al., 2012; Dibbets et al., 2009) and 
also increased activations (Rubia, Halari, Cubillo, et al., 2009; Stroehle et al., 2008; 
Von Rhein et al., 2015). A possible confounding factor is the co-occurrence of 
conduct disorder (CD) among individuals with ADHD, rarely controlled in these 
studies (reviewed by Rubia, 2011). Indeed, in a study comparing boys with pure CD 
and pure ADHD, impairment in the vmOFC, associated with the hot EF, was found 
CD-specific while boys with ADHD showed specific under-activation in the IFG 
bilaterally and enhanced activation in the cerebellum/hippocampus/PCC associated 
with the cool EF element of the task (Rubia, Smith, Halari, et al., 2009).  
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Surprisingly no cerebellar GMV deficits or functional impairments were 
observed in ADHD relative to controls in the findings, which is inconsistent with a 
previous finding of ADHD-specifically reduced right posterior cerebellum relative to 
ASD in a direct comparison between the two groups (Lim et al., 2015).  Reduced 
cerebellar GMV has been found in one previous meta-analysis, based on ten ADHD 
studies (Stoodley, 2014), but not in several others (Frodl & Skokauskas, 2012; 
Nakao et al., 2011; Norman et al., 2016). Differences in the included studies were 
presumably one factor that has produced these mixed findings. Stoodley’s meta-
analysis (2014) showed reduced cerebellar GMV in the cerebellar lobule IX, 
although previous evidence of cerebellar structures alteration ranged from reduced 
cerebellar volumes, cerebellar vermis, and posterior inferior vermis VIII-X in children 
with ADHD (e.g., Bussing, Grudnik, Mason, Wasiak, & Leonard, 2002; Mostofsky, 
Reiss, Lockhart, & Denckla, 1998; Valera et al., 2007). In adults with ADHD, 
reduced overall cerebellar volume (Hove et al., 2015) and right posterior cerebellum 
lobules VIII and IX (Makris et al., 2015), were associated with posture control 
difficulties. Other than during motor inhibition tasks (Bhaijiwala et al., 2014; Cubillo 
et al., 2014; Rubia, Halari, Cubillo, et al., 2011; Suskauer et al., 2008), reduced 
cerebellar activations in the left posterior lobes have been found during working 
memory tasks (Valera, Faraone, Biederman, Poldrack, & Seidman, 2005; Wolf et 
al., 2009). Reduced activations have also been found in the right anterior vermis 
during a variety of timing tasks (see meta-analysis by Hart et al., 2012). Thus, it 
appears that cerebellar deficits in ADHD are heterogeneous across studies. This 
could be the reason for the lack of finding in cerebellar deficits in this meta-analysis.      
Meta-regression analyses showed that exposure to psychostimulants in 
ADHD was associated with enhanced GMV in a large cluster at the vmOFC, and 
reduced GMV in small clusters in the left IFG and right olfactory cortex; and 
functionally with increased activation of small clusters in the right IFG and right 
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MTG. These findings are partly consistent with a previous meta-analysis (Norman et 
al., 2016) and extend previous fMRI meta-analytic findings of increased activation in 
these areas during acute psychostimulant use among children with ADHD (Rubia et 
al., 2014). In the present study, right IFG is disorder-specifically reduced in ADHD 
relative to ASD, and is found to be increased in ADHD patients with long-term 
stimulant use. This finding suggests that stimulant medication is unlikely to 
confound any disorder-comparison findings as a medication-naïve ADHD group, as 
it will likely have shown an even increased reduction in IFG activation. The 
structural disorder-specific findings in ADHD were also unlikely to be confounded by 
medication as long-term medication had no effect on these structures.  
 Limitations, Implications and Future Directions 
The interpretations of the present findings should be viewed with several limitations. 
Some limitations are inherent to meta-analyses of neuroimaging studies, that is, 
most available data are in discrete peak coordinates rather than in the form of 
continuous statistical parametric map that the SDM can accommodate, and the 
application of stringent statistical corrections to protect against false positives within 
each study, may limit the number of peaks reported and conceal differences 
between groups.  
Other limitations are dependent upon the available data. First, it is unknown 
to what extent the findings of this study were confounded by co-occurring cases of 
ASD and ADHD, which were often reported in the clinical literature (Gjevik et al., 
2011; Salazar et al., 2015; Simonoff et al., 2008). The co-occurring cases were 
insufficiently controlled in most neuroimaging research in spite of several exceptions 
(e.g., McAlonan et al., 2008; Mengotti et al., 2011; Radeloff et al., 2014; Rubia, 
Halari, Cubillo, et al., 2011; Smith et al., 2006). Cases of ASD+ADHD in the ASD or 
ADHD samples could affect the disorder-specific and shared findings in the study. 
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For instance, common impairments or deficits may perhaps reflect the fact that a 
proportion of individuals in each group have significant traits of the counterpart 
condition, rather than representing an overlap of neural underpinnings of the two 
disorders. Since little information about this possible confound was provided by 
each study, however, its effect could not be determined in the present study. 
Second, relatively few fMRI studies in inhibitory function were found in ASD in 
comparison to ADHD studies and there were predominantly far more independent 
datasets with adult participants among ASD studies than in ADHD. Relatedly, 
stratification by tasks type and contrasts used across studies was not possible due 
to the insufficient number of published fMRI inhibition studies, particularly in the 
ASD group. Third, some conclusions of this study, specifically those related to 
findings of reduced activations in the rACC/dmPFC among individuals with ASD 
during inhibition might be vulnerable to publication bias as indicated by the Egger 
tests. 
To conclude, people with ASD display wide-ranging functional impairments 
in brain regions often related to inhibition and salience monitoring (ACC/dmPFC), 
set-maintenance or working memory (dlPFC) and attention (IPL, precuneus), while 
individuals with ADHD display specific decreases in the key region for stopping 
actions in the right IFG. A small cluster in the orbital part of the IFG (BA47) 
extending to the right AI appeared to be impaired functionally in both ASD and 
ADHD, which is thought to be important for action stopping and salience detection. 
Structurally, ASD is associated with a disorder-specific GMV deficit in the thalamus, 
a gateway of sensory information that is also implicated in social cognition and 
mood regulation. Individuals with ASD also demonstrate PCC enhancement, which 
might be associated DMN abnormalities, whereas ADHD is associated with 
striatal/insula GMV deficit, which is a host of many functions including sustained 
attention and inhibition. Both conditions share reduced GMV in the rdACC/dmPFC. 
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This might be a transdiagnostic feature across several psychiatric disorders 
associated with cognitive control, salience detection, and emotional control. Both 
disorders also share enhanced left precuneus GMV, possibly associated with DMN 
abnormalities that lead to lapses of attention or increased mind wandering, although 
functional abnormalities in this region was found ASD-specific in this study.  
Neuroimaging studies in ASD and ADHD often did not take account the co-
occurrence between the two disorders and little information was provided by each 
study on this potential issue. However, the findings from the present meta-analysis 
suggest that ASD and ADHD inhibition-related brain function and structure 
abnormalities are mostly disorder-specific, with relatively few shared abnormalities. 
This poses the intriguing possibility that inhibition difficulties in ASD are a 
symptomatic phenocopy with different neural underpinnings from those found 
typically in ADHD. Evidence for shared neural underpinning for the two disorders 
also exist in this study although it is unclear if the evidence reflects a true overlap 
between two otherwise separate and distinct conditions, or whether it is an influence 
of undetected comorbid cases in the ASD and ADHD samples.  To answer this 
question, future neuroimaging studies in ASD or ADHD, especially in children where 
the co-occurrence of both symptoms appeared most prevalent (Gjevik et al., 2011; 
Salazar et al., 2015; Simonoff et al., 2008), should systematically examine the 
influence of traits of both disorders in their disorder-specific findings, or apply the 
stringent criteria of excluding or separately grouping individuals with co-occurring 
ASD and ADHD. Finally, to better understand the disorder-specific and shared 
impairments, future meta-analyses should consider stratifying studies by task types, 
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 Study IV: An fMRI Study of Inhibition and Error 




Deficits of EF are frequently observed among individuals with ADHD and often co-
occur in individuals with ASD albeit less consistently (Alderson et al., 2013; Geurts 
et al., 2009; Willcutt et al., 2008). Among such deficits are the difficulties in motor 
response inhibition and attention (Lijffijt et al., 2005; Lipszyc & Schachar, 2010; 
Willcutt et al., 2008) found among individuals with ADHD to be associated with 
underperforming network of regions including, primarily, the ventrolateral and frontal 
opercular regions IFG/insula and subcortically in the dorsal BG, as well as regions 
such as the SMA in the case of inhibition, and the dlPFC and precuneus for 
attention (Hart et al., 2013; Norman et al., 2016). Individuals with ASD also display 
inhibition (Geurts et al., 2009) and sustained attention difficulty (see e.g., Bodner, 
Beversdorf, Saklayen, & Christ, 2012; Corbett, Constantine, et al., 2009; but see G. 
Goldstein et al., 2001; Johnson et al., 2007) although typically there is significant 
heterogeneity across studies, independent from variation of demographic 
characteristics such as age and IQ (Kuiper et al., 2016). Several neurobehavioural 
findings, including those reported in Chapter 3 of this thesis, have indicated that co-
occurring ADHD symptoms might be one factor that has augmented the inhibitory 
and sustained attention difficulties among individuals with ASD (Adamo et al., 2014; 
Buehler et al., 2011; Corbett, Constantine, et al., 2009; Sinzig, Morsch, Bruning, et 
al., 2008). Findings from Chapter 4 suggest little overlaps in the neural underpinning 
of response inhibition among individuals with ASD or ADHD. Therefore, the key 
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question now is how similar the inhibitory and attention deficits are in ASD+ADHD 
and ADHD at the neural level. A neuroimaging study comparing the neural 
correlates of these cognitive deficits in individuals with ASD, ADHD and 
ASD+ADHD will further our knowledge about the similarities and differences among 
these groups. 
 Investigating Response Inhibition and Error Monitoring Using the Modified 
Stop-Signal Task  
Given its consistency in tapping inhibitory deficits (Alderson et al., 2007; Lijffijt et al., 
2005; Lipszyc & Schachar, 2010) and its frequent use in neuroimaging studies of 
ADHD (see e.g., Chantiluke, Barrett, Giampietro, Santosh, Brammer, Simmons, et 
al., 2015; Congdon et al., 2014; Sebastian et al., 2012; van Rooij et al., 2015), a 
variant of the stop-signal task was chosen for this investigation. The stop-signal task 
requires cancellation of already initiated motor responses evoked by “Go” stimuli, 
upon the arrival of an unexpected infrequent “Stop” signal (Logan, Cowan, & Davis, 
1984; Verbruggen & Logan, 2009a). It is known however that the infrequent 
presentation of the Stop cue in would elicit attentional capture, possibly activating 
the salience networks overlapping with the inhibitory processes and associated with 
deactivated DMN (Aron, 2011; Duann, Ide, Luo, & Li, 2009; Hampshire, 
Chamberlain, Monti, Duncan, & Owen, 2010). To control for these attentional 
capture, past studies have contrasted successful against failed Stop trials (see e.g., 
Padmala & Pessoa, 2010; Rubia, Smith, & Taylor, 2007; Vink et al., 2005), which 
was a conservative approach given both trials activate inhibitory functions, although 
in the case of failed Stop, the Stop processes fell behind the Go processes (Aron & 
Poldrack, 2006; Boehler et al., 2010). In the present study a modified stop-signal 
task was favoured as in previous studies where Oddball trials were embedded in the 
Simon task (Cubillo et al., 2011; Rubia, Halari, Cubillo, et al., 2011) or the GNG task 
(Daly et al., 2014).  
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Response inhibition, investigated by contrasting the successful Stop against 
Go trials during the stop-signal task, typically activates an extensive network of 
regions involved in EF and salience detection, such as the right IFG/insula, the 
SMA, the thalamus and subthalamic nucleus (STN), BG, temporo-parietal regions, 
and premotor areas (Aron & Poldrack, 2006). The right IFG is considered vital for 
motor response inhibition as revealed in an ALE meta-analysis of 70 motor inhibition 
studies (Cai et al., 2014). Clinical studies have shown that the extent of damage in 
the right IFG was selectively correlated with SSRT (>.8), and focal lesions in this 
region increased RT variability (Aron et al., 2003; Picton et al., 2006). These results 
were consistent with findings of significant reduction in the probability of inhibition 
after a temporary neural disruption in the region (Chambers et al., 2006, 2007), 
induced using transcranial magnetic stimulation (TMS). The precise roles of the IFG 
and the whole fronto-basal ganglia system during the stop-signal task performance 
are still under investigation. However, the influence of their activations in the 
inhibition of downstream motor areas has been observed in several studies (see 
Aron et al., 2014). For example, the strength of the functional and structural 
connection of the IFG with the pre-SMA was found to be associated with the speed 
of stopping (Duann et al., 2009; Madsen et al., 2010). Furthermore, the deactivation 
of the motor cortex during the stop-signal task was found to be a function of the 
striatum activation during successful inhibition (Aron & Poldrack, 2006; Zandbelt & 
Vink, 2010). The striatum activations were found to link with SMA activations and 
parametrically enhanced with increased probability of stopping, suggesting that it 
could be crucial for both stopping and stopping preparation (Vink et al., 2005; 
Zandbelt & Vink, 2010).  
Performance on the stop-signal task also depends upon cognitive functions 
other than response inhibition, such as the ability to monitor one’s own errors or 
stopping failures, and the capacity for sustaining attention (Ray Li, 2006). Error 
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monitoring can be investigated on the stop-signal task by contrasting failed Stop 
against Go trials (Ray Li, 2006; Rubia, Smith, Brammer, & Taylor, 2003; Sharp et 
al., 2010). Typically, awareness of having made an error resulted in post-error 
behavioural adjustments including post-error slowing (PES). Errors during inhibitory 
tasks evoke activations in regions such as the bilateral insula, IFG, dACC/mPFC 
and also the bilateral IPL (Hester, Foxe, Molholm, Shpaner, & Garavan, 2005; Klein 
et al., 2007; Rubia, Halari, Mohammad, et al., 2011), while the awareness to error is 
associated with activation in the insular region (Klein et al., 2007; Klein, Ullsperger, 
& Danielmeier, 2013). Unsurprisingly, the majority of these regions, including AI, 
IFG, and dACC, are part of the salience network (Menon & Uddin, 2010; Seeley et 
al., 2007), which are activated during bottom-up attentional captures. The 
experience of committing an error is a salient occurrence that captures one’s 
attention and recruits similar brain regions as those activated during target detection 
tasks (Harsay, Spaan, Wijnen, & Ridderinkhof, 2012; Klein et al., 2013).  
 Neural Correlates of Inhibition Task Performance in ADHD, ASD, and 
ASD+ADHD 
Most ADHD studies using the stop-signal task are typically conducted in children 
and usually find under-activation in the IFG, insula, and striatum in whole-brain 
investigations (e.g., Cubillo et al., 2014; Rubia, Halari, Cubillo, et al., 2011). The few 
studies using the stop-signal task in adults with ADHD demonstrated less consistent 
findings than in children (Cubillo & Rubia, 2010). Some studies of adults showed 
lateral frontostriatal impairments similar to those found in children, in the right 
IFG/insula/PMC, BG, and thalamus in a modest sample of medication-naïve adults 
with childhood-diagnosed ADHD (Cubillo et al., 2010), and in the right pallidum and 
left IFG, the latter at an uncorrected threshold (Sebastian et al., 2012). Others found 
no neural impairments even among a moderate large sample of 35 adults (Congdon 
et al., 2014). However, nearly a third of participants in the latter study were on 
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psychostimulants and did not stop taking them throughout the investigation which 
could confound the findings. The largest study to date by van Rooij et al. (2015), 
conducted in a mixed group of 185 children and adults with ADHD aged 8-25 years, 
found reduced activation in the left IFG, SFG, supramarginal gyrus, right post-CG 
and right TPJ during inhibition. The latter three clusters were also found impaired in 
their unaffected siblings. Among 77 adults, the only impairments were found in the 
left SFG and right hippocampal gyrus (van Rooij et al. [2015], personal 
communication, June 9, 2016).  
Other studies of response inhibition among individuals with ADHD using the 
GNG tasks typically demonstrated impairments in the frontal areas, even among 
underpowered studies with ten participants or fewer (Karch et al., 2010; Kooistra et 
al., 2010). These studies have shown impairments in the lateral and medial regions 
(Karch et al., 2010) as well as the orbitofrontal, posterior parietal, and anterior 
temporal regions when contrasting activation from the fast versus slow GNG task 
(Kooistra et al., 2010). Slightly larger studies showed under-activations in the right 
frontal eye field, pre-SMA, bilateral IPL, and left pre-CG and precuneus (R. C. 
Mulligan et al., 2011), as well as left IFG (Vasic et al., 2014). Moderate-sized 
studies, with approximately 20 participants per group, showed the more typical 
impairment of inhibition in key regions such as the right MFG/IFG using an ROI 
approach (Morein-Zamir et al., 2014), which were found negatively correlated with 
ADHD symptoms, even after controlling for selective attentional processes, and also 
the right caudate, thalamus, right supramarginal gyrus/SPL/angular gyrus and 
bilateral precuneus (Rasmussen et al., 2015). While there has been heterogeneity 
in findings in terms of effect-sizes and hemispheric laterality across studies, the 
evidence suggests that lateral frontostriatal abnormalities during motor inhibition are 
expected in adults with ADHD. 
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In ASD, only one fMRI study using the stop-signal task has been carried out 
to date (Chantiluke, Barrett, Giampietro, Santosh, Brammer, Simmons, et al., 2015). 
This study, which was conducted with 19 boys with ASD and 18 age-matched boys 
with ADHD, found a disorder-specific increased activation in the bilateral IFG in 
ASD relative to ADHD, and an ADHD-specific under-activation in the OFC and BG 
during inhibition, extending previous findings of over-activated left MFG/IFG during 
inhibition on the GNG task in an underpowered study (Schmitz et al., 2006). Other 
studies have shown mixed findings in the effect and directionality of inhibitory-
related activation across studies. This is possibly associated with the 
heterogeneous nature of ASD, and the small sample sizes and variation of tasks 
(e.g., Daly et al., 2014; Duerden et al., 2013; Kana et al., 2007; Shafritz et al., 
2015). The varying findings included: over-activated right IFG and fusiform gyrus 
during inhibition on a GNG task involving emotional faces among 13 adults with 
ASD (Duerden et al., 2013); reduced activation in the right IFG in a study involving 
15 adults with two GNG tasks involving emotional faces and neutral letter stimuli; 
and reduced activation in the right IFG, as well as the right insula, cingulate gyrus 
and PMC using a conventional GNG task in 13 adults with ASD (Kana et al., 2007). 
Using a GNG task with Oddball trials to control for salience detection, Daly (2014) 
revealed reduced activation in the right IFC and the left thalamus, as well as 
enhanced activation in the caudate and right cerebellum.  
Importantly, the meta-analysis of response inhibition conducted in Chapter 4 
found ASD-specific under-activations relative to ADHD during response inhibition in 
ACC/dmPFC, left MFG/dlPFC, left IPL/SPL, right PMC, and over-activations in the 
precuneus and right occipital lobe/FFG relative to the ADHD group during response 
inhibition. Furthermore, ADHD-specific under-activations were found in the right IFG 
triangular part/MFG during inhibition relative to the ASD group. Shared under-
activations were observed in the right insula and the IFG orbital part which may 
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reflect impairments that could potentially be found among the individuals with 
ASD+ADHD.  
During error monitoring, several studies reported reduced activation among 
children with ADHD relative to controls in the right IFG, AI, thalamus, and striatum 
(Cubillo et al., 2010), posterior cingulate, precuneus and primary motor areas 
(Rubia et al., 2005). Reduced activations have also been reported in the dmPFC 
and left vlPFC, thalamus, cingulate, and parietal regions in ADHD boys, which was 
normalised under methylphenidate (Rubia, Halari, Mohammad, et al., 2011). In a 
mixed sample of 185 children and adults with ADHD, Van Rooij et al. (2015) 
detected reduced activation in the left IFG, bilaterally in the TPJ, left SFG, 
ACC/mPFC and supramarginal gyrus, whereas Chen et al. (2015) found reduced 
activation in the right IFG orbital part, having applied a small volume correction in 
this ROI. Finally, employing the Flanker/GNG combined task, Vasic et al. (2014) 
found reduced activation during error detection among 12 adults with ADHD 
similarly in the orbital part of the IFG, although lateralised in the left hemisphere. To 
my knowledge, only one fMRI study has tested error monitoring in ASD using a 
motor inhibition paradigm (Goldberg et al., 2011). This study, which was conducted 
with 11 HFA children using the GNG task, showed an increased activity in the 
mPFC, left STG, and in the right insula during error processing.  
The neural correlates of stop-signal task performance have not been 
investigated among individuals with ASD+ADHD. To date, the one fMRI study 
related to inhibition involving the ASD+ADHD group was conducted by Chantiluke et 
al. (2014), who investigated impulsive choice among children with ASD, ADHD, and 
ASD+ADHD using the delay discounting task. Inhibition of impulsive choice differs 
from response inhibition measured on the stop-signal task, in that it involves both 
temporal foresight and the inhibition of immediate reward (Cooper, Kable, Kim, & 
Zauberman, 2013; Luhmann, 2009; Noreika et al., 2013; Rubia, Smith, Halari, et al., 
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2009), specifically “immediate gratification … over delayed advantages” (Bari & 
Robbins, 2013, p. 64). Therefore, the delay discounting task typically activates 
reward and motivational-related brain regions such as the vmPFC, OFC and the 
ventral striatum, which were often dysregulated during reward anticipation and 
receipt among people with ADHD (Furukawa et al., 2014; Kappel et al., 2015; 
Plichta & Scheres, 2014; Von Rhein et al., 2015; Wilbertz et al., 2012). Chantiluke’s 
(2014) study revealed that boys with ASD+ADHD displayed the weakest brain-
discounting association in vmPFC, ACC, ventral striatum, right superior frontal 
cortex and also left IFG/STL compared to groups of children with pure ASD, ADHD 
and controls, suggesting most pronounced neural impairments in the comorbid 
group.  
 The Aims of This Study 
No fMRI studies involving individuals with comorbid ASD+ADHD in the context of 
inhibition or error monitoring has been conducted to date. Several cognitive studies 
using the GNG task (Adamo et al., 2014; Buehler et al., 2011; Corbett, Constantine, 
et al., 2009) have shown that individuals with ASD+ADHD and those with ADHD 
alone shared deficits in performance on motor inhibition task (see Chapter 3 for 
review). The aim of this study was thus to explore the neural correlates of inhibitory 
function and error monitoring, in groups of young adults with diagnoses of ASD, 
ASD+ADHD, and ADHD. The study used a modified stop-signal task that controls 
for the attentional oddball effect of the low frequency appearance of stop signals. Of 
interest was whether those with ADHD, that is, the ASD+ADHD and pure ADHD 
groups, have similar profile of neural impairments given that they displayed similar 
behavioural performance during neurocognitive testing reported in Chapter 3. 
Understanding the neural underpinning of the ADHD symptoms in ASD would help 
answer the question of which model of comorbidity, as discussed in Chapter 1, can 
apply to the ASD+ADHD group. 
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During response inhibition, under-activations in the ACC/dmPFC, left 
MFG/dlPFC, left IPL/SPL, right PMC and possibly over-activations in the precuneus, 
were expected in the ASD group relative to the ADHD group based on the meta-
analytic findings in Chapter 4. On the other hand, ADHD-specific under-activations 
were expected in the left and right IFG triangular part/MFG, based on the meta-
analysis and also previous motor response inhibition studies in adults with ADHD 
(Cubillo et al., 2010; Morein-Zamir et al., 2014; Rasmussen et al., 2015; Sebastian 
et al., 2012; van Rooij et al., 2015). During error monitoring, under-activations in the 
ACC/mPFC, IFG, AI, thalamus, and striatum and the parietal regions such as the 
IPL, PCC and precuneus were expected among individuals with ADHD (Cubillo et 
al., 2010; Rubia, Halari, Mohammad, et al., 2011; van Rooij et al., 2015; Vasic et al., 
2014). Individuals with ASD were expected to show increased activity in the mPFC, 
left STG, and in the right insula, according to findings from a previous study 
(Goldberg et al., 2011). Since there has not been a study in young adults with 
ASD+ADHD using the stop-signal task, no strong hypothesis can be formed with 
respect the neural impairments associated with response inhibition and error 
monitoring in this group. However, based on the finding by Chantiluke et al. (2014), 
of a more severe neurofunctional impairment pattern in the combined relative to the 
pure groups during temporal discounting, I anticipated the combined group to have 




Participants of this study were 107 young-adult males, aged 20-27 years with 
diagnoses of ASD, ADHD, ASD+ADHD, and typically developing controls with 
neither ASD nor ADHD (see Chapter 4 for full details of recruitment and full 
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participant characteristics). Data from four participants with ASD, one with ADHD, 
two with ASD+ADHD and four healthy controls were rejected from the final analysis 
as they responded to fewer than 70% Go trials. Two further participants with ADHD 
and one with ASD+ADHD were excluded due to excessive head movement beyond 
3 mm. One participant’s data from the ASD group was lost due to technical error, 
while another from the ASD+ADHD group was not used due to an incidental finding. 
The final sample comprised of 22 controls, 21 individuals with ASD, 25 with ADHD, 
and 23 with ASD+ADHD. 
 Measures 
Behavioural measures taken during the study included a measure of IQ (WASI-2), 
social reciprocity (SRS-2), a measure of ADHD symptoms (CAARS), and a 
screening questionnaire on general psychiatric difficulties (SDQ17+), all described 
in Chapter 4. An additional measure, the Edinburgh Handedness Inventory 
(Oldfield, 1971), was used in this study to compare handedness across groups.  
 The Modified Stop-Signal Task  
This study used a modified stop-signal task incorporating Oddball trials in the 
stimulus sequence to control for selective attentional processes associated with the 
infrequent presentation of the stop cue. This additional control approach has been 
implemented in previous investigations using the Simon task (Cubillo et al., 2011; 
Rubia, Halari, Cubillo, et al., 2011) and the GNG task (Daly et al., 2014). This 9-
minute task consisted of 300 trials, comprised of 200 Go trials, 40 Oddball trials and 
60 Stop trials. In each Go trial, a left- or right-pointing Go arrow was presented for 
1000ms, with an ISI jittered between 700-1000 ms, to be responded to by pressing 
the left and the right key, respectively, on the button box. The Oddball trials were 
equivalent to the Go trials in its presentation and they required equivalent 
responses. However, they were much less frequent and consisted of arrows that  
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were pointing diagonally downward to the left or right. Each Stop trial consists of a 
Go signal followed by a Stop signal, which lasted for 300 ms, arriving after a stop-
signal delay (SSD) of few hundred ms, signalling the participants to cancel their 
already initiated response. In the first Stop trial the Stop signal is presented 250ms 
after the Go signal. Thereafter, its onsets were adjusted according the participant’s 
performance, by a tracking algorithm that computed the overall probability of 
inhibition each time a stop trial had been completed. These adjustments followed a 
staircase procedure, moving forward or backward by 50ms steps (within the range 
of 50-900 ms) when the probability of inhibition was over or under 50%, 
respectively, therefore allowing the participants to successfully stop their responses 
at 50% probability (see e.g., Chantiluke et al., 2015; Ray Li, 2006). There were 
equal numbers of left- and right-pointing Go and Oddball arrows.  
Figure 5-1: Schematic illustration of the modified stop-signal task 
 
Note. All stimuli were presented against a black background. The Go trials (A) consisted of arrows pointing horizontally to the left or 
right to be responded by left or right button press respectively.  The Stop trials (B) consisted of a Go signal followed by a Stop signal, 
presented here on transparent background for clarity, arriving between 50 and 900ms after the Go signal, started from 250ms in the 
first trial. Participants were instructed to cancel their initiated response as best as they can in these trials. The Oddball trials (C) were 
arrows pointing diagonallly downward to the left or right and participants were instructed to respond by pressing the left or right button, 
respectively. Each trial was followed by an ISI jittered between 700-1000ms. The blue and red coloured arrow on the left indicated the 
time line of the events. Abbreviations. Go = Go cue, ISI = interstimulus interval, Stop = Stop signal, and Oddball =Oddball cue. 
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Prior to completing this task in the scanner, the participants went through a 6-minute 
practice run under the supervision of the researcher. All participants achieved the 
50% threshold during this practice. The main outcome measure of the task was the 
SSRT, i.e., the optimum SSD for which a cancellation of response was just feasible, 
which was computed by subtracting the mean SSD from the mean response time 
(MRT) during the Go trials. High SSRT indicated inhibitory difficulties and impulsivity 
(Aichert et al., 2012; Congdon et al., 2012; Logan, Schachar, & Tannock, 1997). 
Other measures such as omission errors and intra-subject variability of RT (SDRT) 
to Go trials were thought of as indices of inattention during the task (Castellanos et 
al., 2005; J. I. Lake & Meck, 2013; Tamm et al., 2012). In addition, PES or post-
error slowing, were computed by subtracting the MRT of the trial immediately after a 
successful Stop, from the MRT after failed Stop.  
 fMRI Acquisition 
Neuroimaging data were acquired on a General Electric (GE) MR750 3.0T MR 
scanner (General Electric, Milwaukee, WI, USA) at the Centre for Neuroimaging 
Sciences, Institute of Psychiatry, Psychology, and Neuroscience, at King’s College 
London, UK. An 8-channel head coil was used for RF transmission and reception. 
The echo planar image (EPI) gradient-echo pulse sequence (TR/TE = 1800/27ms, 
flip angle = 75°, FOV = 21cm x 21cm, 64 x 64 matrix, in-plane resolution = 3mm, 
slice thickness = 3mm with gap of 0.3mm) was used to acquire 40 slices of T2*-
weighted MR images parallel to the inter-commissural plane, depicting BOLD 
contrast and covering the entire brain. The 9-minute scan resulted in 303 volumes in 
time series. A whole-brain high resolution structural T1 scan (Enhanced Fast 
Gradient Echo 3-Dimensional/EF-GRE3D), co-registered with individual activation 
maps during pre-processing, was also acquired in the inter-commissural plane with 
TE = 3.016 ms, TR = 7.312s, flip angle = 11o, 196 slices, FOV = 27cm x 27cm, 256 
x 256 matrix, and slice thickness of 1.2mm and gap of 1.2mm. 
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 Analysis of the fMRI Data 
All fMRI data went through standard pre-processing steps including slice-time 
correction, realignment, co-registration to the individual structural T1 scan, 
segmentation, normalisation and smoothing. Each participant’s EPI data were 
normalised to the Montreal Neurological Institute (MNI) EPI template and smoothed 
using the 8-mm Gaussian kernel. Statistical analyses were conducted using the 
Statistical Parametric Mapping version 8 (SPM8). The analyses were done in two 
steps to ease the computational load. At the subject-level analyses, blood-oxygen-
level-dependent (BOLD) responses to the experimental blocks were predicted using 
a vector of onsets and durations convolved with the canonical haemodynamic 
response function (HRF).  Three contrasts were defined for each participant: (1) 
successful Stop versus correct Oddball, which probes response inhibition while 
controlling for attentional processes; (2) failed Stop versus correct Oddball, which 
probes error monitoring; and to assess the different effect of the Oddball trials 
across groups, an additional contrast (3) Oddball versus Go were analysed. Seven 
nuisance regressors were included to control the effects of volume-to-volume head 
movement and abrupt movement above 1 mm. A high-pass filter was applied at the 
cut-off (128s) and a first-order autoregressive model was used to correct for time 
series correlation.   
Within-group activations were reported with a cluster extent threshold at p < 
.05 with family-wise error (FWE) correction and a voxel threshold of p < .001. At the 
group level, the three contrasts were analysed with univariate ANCOVAs on SPM8 
with group as independent factor, covarying for volume-to-volume total movement 
(Power et al., 2014). Between-group activations are reported at corrected cluster 
size ≥ 396 voxels, corresponding to a cluster defining threshold of .001 and FWE-
corrected alpha level of .05 (http://blogs.warwick.ac.uk/nichols/entry/ 
spm5_gem_6/). The effect size of brain activity for each individual subject was 
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extracted from significant clusters using the MarsBaR toolbox (Brett, Anton, 
Valabregue, & Poline, 2002) and subsequently analysed in the IBM SPSS Statistics 
for Windows, version 22 (IBM Corp., 2013). Post-hoc analyses were conducted 
pairwise with Dunn-Sidak correction and further ANCOVAs were conducted on 
SPSS covarying for IQ, and excluding individuals on medications. In addition, 
correlations between brain activity and relevant behavioural and trait measures in 
the groups showing impairments were contrasted against the findings in the control 
group.  
 Analysis of Behavioural Data 
Statistical analyses were performed using IBM SPSS Statistics for Windows, 
version 22 (IBM Corp., 2013). Analyses of the demographic data, behavioural 
reports, and performance during tasks on key variables were completed with 
univariate ANOVAs, while categorical variables such as medication use and 
diagnosis status were all analysed using Chi-square analyses. The direction of 
group differences on the univariate ANOVAs were assessed using multiple pairwise 
comparisons, Dunn-Sidak corrected for independent groups.  
        
 Results 
 Group Characteristics 
The participant characteristics are summarised in Table 5-1. The sample did not 
differ in age and handedness although, FSIQ differed and was found highest in the 
ADHD and the TD group, where the difference reached significance in comparison 
to the ASD group, F(3, 87) = 5.2, p < .002. As found in the full sample (see Chapter 
3), individuals in the ASD+ADHD or ADHD rated themselves as having higher 
inattention, hyperactivity and impulsivity, and overall ADHD index on CAARS than  
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F (3,87) p Post-hoc 
Age (SD) 23.0 (1.3) 22.8 (.9) 23.1 (2.0) 23.1 (1.3) .22 .89 -- 
FSIQ (SD) 118.5 (12.1) 102.0 (19.8) 116.0 (13.2) 109.2 (14.8) 5.2 .002 ADHD, TD > ASD 
Handedness (Range) 60.9 (-100-100) 57.1 (-100-100) 65.2 (-95-100) 54.6 (-100-100) .10 .97 -- 
Left-handed  4 4 4 5 -- -- -- 
Current stimulant -- -- 5 6 -- -- -- 
Current SSRI -- -- 3 1 -- -- -- 
CAARS self (t-scores)a        
 Inattention 44.1 (7.4) 46.6 (6.3) 66.1 (7.9) 61.8 (10.2) 41.3 <.001 ASD+ADHD, ADHD > ASD, TD 
 Hyperactive 44.9 (8.8) 45.4 (6.7) 65.1 (10.1) 57.8 (9.8) 27.2 <.001 ADHD > ASD+ADHD > ASD, TD 
 Impulsive 41.2 (6.3) 45.2 (6.8) 57.2 (9.5) 53.6 (10.1) 17.7 <.001 ASD+ADHD, ADHD > ASD, TD 
 ADHD index 42.1 (9.1) 45.7 (7.7) 65.2 (7.7) 58.4 (10.7) 34.0 <.001 ASD+ADHD, ADHD > ASD, TD 
CAARS informant (t-scores)b       
 DSM-IV inattention -- 57.0 (12.7) 79.3 (13.6) 82.9 (8.4) 30.4 <.001 ASD+ADHD, ADHD > ASD 
 DSM-IV hyperactive -- 47.3 (10.9) 66.1 (17.8) 65.7 (18.5) 9.5 <.001 ASD+ADHD, ADHD > ASD 
 DSM-IV symptom no -- 51.9 (13.7) 76.3 (16.3) 79.1 (11.7) 24.4 <.001 ASD+ADHD, ADHD > ASD 
 ADHD index -- 47.8 (7.3) 63.0 (18.4) 66.5 (10.3) 22.7 <.001 ASD+ADHD, ADHD > ASD 
SRS self (t-scores)        
 Total SRS score 48.2 (6.5) 61.8 (9.1) 62.7 (6.9) 65.0 (10.4) 18.4 <.001 ASD+ADHD, ADHD, ASD > TD 
SRS informant (t-scores)       
 Total SRS score -- 63.4 (8.2) 56.9 (10.5) 69.4 (11.5) 8.7 <.001 ASD+ADHD > ADHD 
SDQ17+ self        
 Hyperactivity 2.5 (1.8) 3.2 (2.0) 7.4 (1.5) 7.0 (1.9) 44.6 <.001 ASD+ADHD, ADHD > ASD, TD 
 Emotion 1.1 (1.5) 4.2 (2.7) 4.2 (2.4) 4.3 (2.6)  9.8 <.001 ASD+ADHD, ADHD, ASD > TD 
 Conduct 1.2 (1.3) 1.6 (.9) 2.8 (1.9) 2.8 (1.9) 6.4 .001 ASD+ADHD, ADHD > TD 
 Peer relations 2.7 (2.0) 3.7 (1.7) 2.1 (1.5) 3.2 (2.0) 3.0 .036 ASD > ADHD 
SDQ17+ informant        
 Hyperactivity -- 3.0 (1.6) 7.4 (2.0) 7.3 (1.8) 41.1 <.001 ASD+ADHD, ADHD > ASD 
 Emotion -- 3.3 (2.0) 4.0 (2.4) 4.4 (2.6) 1.2 .299 -- 
 Conduct -- 1.1 (.8) 3.2 (2.1) 3.4 (2.3) 9.9 <.001 ASD+ADHD, ADHD > ASD 
 Peer relations -- 3.4 (1.6) 2.4 (1.8) 4.4 (2.1) 6.3 .003 ASD+ADHD > ADHD 
Note.   Abbreviations M = mean, SD = standard deviation, FSIQ = full-scale IQ, DX = diagnosis, CAARS = Conners Adult ADHD Rating Scale, SRS = Social Responsiveness Scale version 2, SDQ17+ = Strengths and 
Difficulties Questionnaires for age 17 years and above. Self-rated symptoms were indicated by ‘self’, while informant-rated symptoms (filled in by parents, partner, relatives or childhood friend) were indicated by ‘informant’. 
a,b CAARS-self questionnaires were rated on the short form, whilst CAARS-informants were rated on the long versions thus generating different domain scores. 
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controls or the ASD group, all Fs(3, 86) ≥ 17.7, all ps < .001. Multiple comparisons 
also suggested that individuals with ADHD rated themselves to have higher 
hyperactivity than those with ASD+ADHD (p <.001). Informant scores of DSM-IV 
inattention, hyperactivity/impulsivity, symptom numbers and ADHD index, obtained 
from among the clinical groups, were likewise significantly higher in the ADHD and 
the ASD+ADHD groups than the ASD group, all Fs(3, 86) ≥ 9.5, all ps < .001. All 
individuals in the clinical groups reported higher difficulties in social reciprocity as 
measured on the SRS, F(3, 86) = 18.4, p < .001, than controls (all ps <.001); 
although ratings of informants suggested that the ADHD group had the lowest 
difficulty, with rating against the ASD+ADHD group reaching significance level. The 
SDQ hyperactivity ratings were consistent with the CAARS, whereby the 
ASD+ADHD and the ADHD groups rated themselves with higher ADHD symptoms 
than controls and the ASD group (all ps <.001). 
 Behavioural Data 
Table 5-2: Behavioural data from the modified stop-signal task 


























































































Note. Group comparison of measures during the modified stop-signal task indicated no difference in performance. SSRT, MRT, 
and SDRT are presented in seconds, whereas the rates of omission errors and correct Stop are presented in percentages. The 
correct stop rate is not strictly an outcome measure as the stop-signal task is design so that this score converges to 
approximately 50%. Abbreviations: SSRT = Stop-signal response time, MRT= Mean response time, SDRT = intrasubject 
standard deviation of response time, a measure of response time variability, PES = Post-error slowing and SD = standard 
deviation.  
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The proportion of failed Stop trials was approximately 50% and did not differ among 
groups, indicating that the tracking algorithm was successful in balancing the 
number of successful and unsuccessful response inhibition.  No differences were 
found in the performance indices of the stop-signal task among groups, including in 
the primary response inhibition index SSRT and attentional indices such as Go 
MRT, intrasubject SDRT and omission errors. PES also did not differ across groups 
(see Table 5-2 below). Since individuals with ADHD usually had difficulties in this 
task, additional pairwise t-test analyses were conducted to compare the SSRT of 
the clinical groups against controls. The findings indicated that the ADHD group had 
significantly higher SSRT than controls, t(45) = 2.08, p = .04, while the individuals 
with ASD+ADHD and ASD did not differ from controls, t(43) = 1.72, p = .09 and t(41) 
=.40, p = .69, respectively.   
 Neuroimaging Data during Inhibition and Response Monitoring 
 Motion 
No group differences were observed among movement in the x, y and z rotation and 
x, y and z translation, F(3,87) = 1.34, p = .27. However, total volume-to-volume 
movement would still be covaried at the group-level analyses of BOLD activation as 
they could contribute to unwanted variation of signal within group.  
 Inhibition Contrast Successful Stop – Correct Oddball 
Within-group Brain Activations 
Figure 5-2 shows within-group brain activations for the contrast of successful Stop 
against correct Oddball trials. The control group displayed activation in the bilateral 
AI (BA13) and IFG (BA47), reaching up to the right dlPFC (BA8, 9) areas, bilateral 
supramarginal gyrus/angular gyrus (BA39, 37), and the STG/MTG (BA21, 24), 
reaching into the ITG in the left hemisphere, also the mPFC/dACC (BA8, 32), and  
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the cuneus (BA18). The ASD group showed activation at the right IFG/MFG (BA46, 
10) and left IFG/MFG (BA44, 46) reaching into AI (BA13) bilaterally, and at the 
dACC/ mPFC (BA8, 32). Activation was also seen in the cuneus (BA17,18), and 
bilaterally in the IPL/supramarginal gyrus/angular gyrus (BA39, 40), reaching into 
the STG/MTG (BA21, 22), more dominantly, on the right hemisphere. The ADHD 
group displayed activation in a large cluster comprising right 
AI/IFG/MFG/dlPFC/SFG (BA 13, 47, 45, 44, 46, 10, 9, 6) and dACC/mPFC, (BA24, 
32), left IFG/AI (BA13, 47), right SPL/IPL/ supramarginal gyrus/angular gyrus (BA7, 
Figure 5-2: Within-group brain activations during response inhibition  
 
Note. Within-group brain activation clusters revealed during successful Stop-correct Oddball contrast corresponding to response 
inhibition in the TD group (A), ASD group (B), ADHD group (C) and ASD+ADHD group (D). The clusters were obtained at a 
threshold cluster extent k ≥ 396 voxels, corresponding to p <.05 FWE. Only increased activations are presented in the figure. 
Images’ left is the participants’ left side. 
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40, 39), reaching deep into the right STG/MTG (BA21, 22), in the left STG/MTG 
(BA21, 22), and in the left premotor cortex (BA6). The ASD+ADHD group displayed 
the least activation during successful inhibition, with activation observed in the IPL 
(BA40) and bilateral AI (BA13), reaching into the IFG (BA44, 47) on the right.  
Between-group Brain Activations 
The univariate ANOVA test showed no significant group effect for the whole-brain 
analysis using the Stop – Oddball contrasts. The more traditional contrasts of Stop-
Go were also tested and yielded no group differences. Finally, as there was the 
possibility of having limited power to detect effects with four groups of participants, 
pairwise independent t-tests were conducted between controls and each clinical 
group. This also revealed no clusters of group differences in brain activations. The 
conclusions remained when individuals with medication were excluded from the 
analysis. 
 Error-monitoring Contrast Failed Stop – Correct Oddball 
Within-group Brain Activations  
Within-group brain activations during failed Stop against correct Oddball are 
presented on Figure 5-3. In the TD group, activations were seen in right SPL/IPL/ 
supramarginal gyrus/angular gyrus (BA7, 40, 39) reaching into STG/MTG (BA22, 
21), right AI/IFG (BA13, 47, 44, 46), reaching up to the right MFG/dlPFC/SFG (BA9, 
6), the mPFC/dACC (BA24, 32), the left AI/IFG (BA13, 47), and the left IPL/ 
supramarginal gyrus/angular gyrus/posterior STG/MTG (BA40, 39, 21, 22). No 
significant cluster was observed in the ASD group in this threshold. In the ADHD 
group, activations were found in right AI/IFG (BA13, 47, 45, 46), left AI/IFG/MFG 
(BA13, 47), mPFC/dACC (BA24, 32), SFG (BA8, 9, 10), bilateral IPL/supramarginal 
gyrus/angular gyrus/ STG/ MTG (BA40, 39, 21, 22), ventral cingulate cortex (BA24), 
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and right cuneus/cerebellum (BA17). In the ASD+ADHD, only one activation cluster 
in the right IPL (BA40) was found. 
Between-group Brain Activations  
Differences between the groups were observed in two clusters (see Figure 5-4) 
comprising the left insula/IFG/STG/MTG (BA 13, 21, 22, 38, 47) and the right insula/ 
IFG/thalamus(Th)/parahippocampal gyrus (PHGy). Univariate ANOVA analyses on 
the BOLD activation data extracted from these clusters were significant in the left 
insula/IFG/STG/MTG F(3, 87) = 14.6, p < .001 and right insula/IFG/Th/PHGy F(3, 
87) = 15.0, p < .001. Post-hoc analyses, Dunn-Sidak corrected for independent 
groups, revealed that the ASD+ADHD group had smaller activation than the ASD 
Figure 5-3: Within-group brain activations during error monitoring 
 
Note. Within-group brain activation clusters revealed during failed Stop-correct Oddball contrast corresponding to error monitoring in 
the TD group (A), ADHD group (B), and ASD+ADHD group (C). The clusters were obtained at a threshold cluster extent k ≥ 396 
voxels, corresponding to p <.05 FWE. No within-group brain activation clusters were observed at this threshold in the ASD group. 
Only increased activations are presented in the figure and images’ left are the participants’ left side. 
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(ps < .001), ADHD (ps < .001), and TD groups (ps ≤ .001), which did not differ from 
each other, in both clusters (for peak coordinates and cluster sizes see Table 5-3).  
Figure 5-4: Differences across groups in error-monitoring activations 
 
Note. Covarying total movement, two clusters were revealed in the failed Stop-correct Oddball contrast corresponding to error 
monitoring processes, shown in (A). The clusters were obtained at a threshold cluster extent k ≥ 396 voxels, corresponding to p <.05 
FWE. Mean BOLD signal from the clusters and 95% confident intervals are plotted in (B). The ASD+ADHD group displayed reduced 
activation compared to the TD, ASD, and ADHD groups during error monitoring.  Abbreviations: L/R = left/right, Ins=insula, IFG = 
inferior frontal gyrus, STG = superior temporal gyrus, MTG = middle temporal   gyrus, Th = thalamus, PHGy = parahippocampal 
gyrus.  
No significant influences of IQ across groups were found in both clusters, all 
Fs(1, 86) ≤ .20, ps ≥ .65, having covaried for IQ. The ANCOVA showed that the 
main effect of group remained significant for both the left insula/IFG/STG/MTG, F(3 
,86) = 14.3, p < .001, and the right insula/IFG/Th/PHGy clusters, F(3 ,86) = 14.7, p < 
.001, after covarying for IQ. Excluding individuals with stable SSRI, and covarying 
for IQ did not change the group effect in both clusters, Fs(3, 73) = 15.1, ps < .001. 
Furthermore, the group effects remained even after excluding individuals who were 
on any current medication from the analysis and simultaneously covarying for IQ, 
Fs(3, 73) = 10.2, ps < .001. Every post-hoc pairwise comparison on these additional 
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analyses in both clusters indicated that the ASD+ADHD group consistently showed 
an opposite pattern of activation compared to the ASD (ps ≤ .001), ADHD (ps ≤ 
.001), and TD group (ps ≤ .013), which did not differ from each other. 
 
Table 5-3: Peak coordinates, cluster sizes, and post-hoc analyses of error-monitoring 
contrast 
Brain regions BA MNI coordinates Z k Post-hoc 
x Y Z 
L ins/IFG/STG/MTG 13, 
21,22, 
38, 47 
-46 14 -16 5.2 590 ASD***, ADHD***, TD*** > 
ASD+ADHD -52 -8 -10 4.0  
-30 14 -18 3.7  
R ins/IFG/Th/PHGy 35, 36 36 10 -14 4.4 2652 ASD***, ADHD***, TD*** > 
ASD+ADHD 50 8 -12 4.3  
36 -12 -14 4.2  
Note. Two clusters revealed by the whole-brain ANOVA, covarying total head movement. Post-hoc comparison indicated 
significantly reduced activation in these clusters in the ASD+ADHD group relative to the ASD, ADHD, and TD groups, which did 
not differ to one another. The effect was robust to covarying for IQ and sensitivity analyses excluding individuals on medications.   
Correlational Analyses 
Exploratory correlational analyses were conducted in the ASD+ADHD group and 
compared against the TD group. Self-rated ADHD difficulties correlated negatively 
with the error-monitoring cluster in the right ins/IFG/Th/PHGy, rTD(20) = -.55, p = 
.008, in the TD group, but no equivalent correlation was found in the ASD+ADHD 
group, rASD+ADHD(21) = .07, p = .75. In both the TD and ASD+ADHD groups, the 
activations of the error-monitoring cluster on the right ins/IFG/Th/PHGy correlated 
with the SSRT, rTD(20) = -.50, p = .019 and rASD+ADHD(21) = -.45, p = .033 (See 
Figure 5-5).  The left ins/IFG/MTG/STG cluster did not correlate with the SSRT in 
the TD group, rTD(20) = -.24, p = .27,  but it did in the ASD+ADHD group, 
rASD+ADHD(21) = -.46, p = .029. No correlations were observed between the PES and 
activation in the left, rTD(20) = .29, p = .20; rASD+ADHD(21) -.11, p = .62, or the right 
clusters, rTD(20) = .31, p = .17;  rASD+ADHD(21) = -.02, p = .93. Self-rated autistic traits 
also did not correlate with activation in neither the left, rTD(20) = -.13, p = .55 and 
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rASD+ADHD(21) = -.036, p = .87, nor the right clusters , rTD(20) = -.051, p = .82 and 
rASD+ADHD(21) = -.001, p > .99. 
Figure 5-5: Correlations between brain activations and ADHD symptoms and behavioural 
performance in the TD and ASD+ADHD groups 
(A) Plot of mean BOLD signal from the right ins/IFG/Th/PHGy cluster against the ADHD 
index 
 
(B) Plot of mean BOLD signal from the right ins/IFG/Th/PHGy cluster against the SSRT 
 
Note. Plots and trend lines between extracted mean BOLD signal from the right cluster against ADHD index (A) and against SSRT 
(B). Reduced activation was significantly associated with higher ADHD index, i.e., more ADHD related difficulties in the TD group, 
but not the ASD+ADHD group. Reduced BOLD activation was associated with longer SSRT, i.e., increased difficulties in response 
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 Attentional Contrast Oddball – Go 
Within-group Brain Activations 
As an additional analysis, Figure 5-6 displays within-group brain activations during 
the oddball trials, i.e. in relation to selective attention/target detection. The control 
group is associated with BOLD activation in bilateral ITG/MTG (BA37, 39), reaching   
Figure 5-6: Within-group brain activations during selective attention 
 
Note. Within-group brain activation clusters revealed during correct Oddball-correct Go contrast corresponding to selective attention 
in the TD (A), ASD (B), ADHD (C), and ASD+ADHD group (D). The clusters were obtained at a threshold cluster extent k ≥ 396 
voxels, corresponding to p <.05 FWE. Only increased activations are presented in the figure and images’ left are the participants’ left 
side. 
into the middle/inferior occipital gyri (BA19, 18) and, on the left hemisphere, reached 
into the cerebellum. Activations were also observed in the bilateral SPL/precuneus 
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(BA7), reaching deep into IPS, right PMC (BA6), and left pre- and post-CG (BA4, 3). 
The ASD group showed extensive activation in several clusters in the bilateral 
SPL/IPL/precuneus/cuneus/superior occipital gyrus (BA7,19, 40), extending frontally 
to the pre- and post-CG (BA4, 3, 2, 1) on the right hemisphere, bilaterally in inferior 
occipital gyrus/FFG (BA19, 18), and in right PMC (BA6). The ASD+ADHD group 
was associated with similarly extensive brain activation as the ASD group, with 
activations observed in right precuneus/ SPL/IPL/IPS (BA7, 40), reaching frontally 
into right sensorimotor cortex and PMC (BA6), and ventrally into posterior MTG 
(BA39). Another cluster was observed in left SPL and IPS (BA40), and bilaterally, in 
ITG/MTG (BA37, 39), and middle and inferior occipital gyri (BA19, 18). Using the 
same threshold, the ADHD group showed the least activation bilaterally in SPL/IPS 
(BA7).   
Between-group Activations 
Figure 5-7: Differences across groups in selective-attention activations 
 
Note. The right precuneus region differed across groups as shown in (A). The clusters were obtained at a threshold cluster extent 
k ≥ 396 voxels, corresponding to p <.05 FWE. The ASD and the ASD+ADHD groups showed BOLD over-activation during 
selective attention compared to the TD and the ADHD group as shown on plot (B) Mean BOLD signal from the cluster are 
presented with 95 % confident intervals. 
Group effect in the selective attention contrast was observed in a cluster in 
the right precuneus (BA7), F(3, 87) = 10.6, p < .001, as shown on Figure 5-7 (A). 
Pairwise comparison of the brain activation extracted from the cluster suggested 
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that the difference was driven by increased activation in the ASD and the 
ASD+ADHD groups, relative to the TD (p = .012 and p =.001, respectively) and the 
ADHD groups (p = .001 and p < .001, respectively) as shown on Figure 5-7 (B). The 
overall group effect remained, F(3, 86) = 8.60, p < .001, and so was the pattern of 
pairwise group differences (ps <.05) even after covarying for IQ. The latter exerted 
no influence on the between-group effect, F(1, 86) = .50, p = .48. As found in the 
error-monitoring contrast, the group effect stayed significant after the exclusion of 
individuals on SSRIs, while still covarying for IQ, F(3, 82) = 7.97, p < .001. The 
effect was still significant when all individuals on current medication were excluded, 
F(3, 74) = 7.36, p < .001. Pairwise comparisons in each additional analysis 
continued to show increased activations in the precuneus among individuals with 
ASD+ADHD relative to the controls (ps ≤ .004) and the ADHD group (ps < .002). 
The activation in the precuneus in the ASD group remained increased compared to 
the ADHD group (ps ≤ .021) and compared to the TD. The difference fell just below 
significance when the individuals with SSRI or any medications were excluded (ps = 
.056 and .051, respectively). The cluster and its peak coordinates are presented on 
Table 5-4. 
Table 5-4: Peak coordinates, cluster size, and post-hoc analyses of the selective attention 
contrast 
Brain regions BA MNI coordinates Z k Post-hoc 
x y z 
R precuneus 7 10 -52 58 4.0 494 ASD, ASD+ADHD > 
ADHD***, TD*** 22 -50 50 3.8  
24 -34 46 3.7  
Note. A cluster in the right precuneus was revealed by the whole-brain ANOVA, covarying total head movement. Post-hoc 
comparison indicated significantly increased activation in this in the ASD+ADHD and the ASD groups relative to the, ADHD and 
TD groups, which did not differ to one another. The effect was robust to covarying for IQ and sensitivity analyses excluding 
individuals on medications.   
Correlational analyses 
A positive correlation was found between the brain activation in the right precuneus 
cluster and number of missed responses among the TD participants, rTD (20) = .46, 
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p = .032. This was consistent with the view that reduced deactivation of the 
precuneus is associated with impaired selective attention. Neither the ASD, rASD(19) 
= .14, p = .56, nor the ASD+ADHD group, rASD+ADHD(21) = .18, p = .41, displayed 
significant correlations. No correlations were observed between the activation in the 
precuneus and ASD or ADHD behavioural traits. 
Figure 5-8: Correlations between precuneus activation and the omissions rates 
 
Note. Scatterplot and trend lines for the relationships between mean BOLD signal extracted from the precuneus cluster against 
missed responses, an index of attention difficulties. Increased activation was correlated with increased number of missed 
responses in the TD group but not in the ASD or ASD+ADHD groups which showed neural impairments. 
     
 Discussion 
This study was the first investigation into the neural correlates of response inhibition 
and error-monitoring in groups of adults with ASD, ASD+ADHD and ADHD relative 
to controls.  The study showed that the pure clinical groups did not differ from 
healthy controls or each other in their brain activation during motor response 
inhibition, regardless of whether the attentional oddball effect was controlled for. 
However, the ASD+ADHD group showed significantly reduced activation during 
error monitoring in two clusters encompassing left insula/IFG/ MTG/STG and in the 
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right hemisphere could be related to inhibition attempts that were too late to be 
successful as it was correlated with the SSRT in TD and ASD+ADHD groups, and 
the ADHD index in the control group only. Finally, both ASD and ASD+ADHD 
groups showed reduced deactivation relative to TD and ADHD groups in the right 
precuneus. This reduced deactivation was positively correlated with the number of 
missed responses in the TD group. The group effects in brain activation were found 
despite only weak evidence of task performance differences across groups, where 
SSRT was shown to be increased in the ADHD compared with the TD groups.  
 Reduced Activation in the Insula and Thalamus in the ASD+ADHD Group 
during Error Monitoring 
Reduced activations in the ASD+ADHD group in the left insula/IFG/ MTG/STG and 
in the right insula/IFG/Th/PHGy during failed Stop-Oddball, relative to the TD, ASD, 
and ADHD groups could indicate neurofunctional abnormalities during error 
monitoring in the comorbid group. The reduced activation was maintained after 
covarying for IQ and excluding medicated participants, suggesting that this effect 
was a robust characteristic of individuals with dual diagnosis in the study. 
Activations in the bilateral insula, IFG, mPFC/dACC and bilateral IPL are typical 
during error detection (Hester et al., 2005; Klein et al., 2007; Rubia, Halari, 
Mohammad, et al., 2011). The insula, mPFC/dACC and IFG are key regions of the 
salience network (Klein et al., 2013; Menon, 2015; Menon & Uddin, 2010; Seeley et 
al., 2007). The overlapping activation during error monitoring and salience detection 
in these regions presumably reflects the salient experience of committing errors 
(Harsay et al., 2012; Klein et al., 2013).  
Committing errors is an affectively aversive experience (Spunt, Lieberman, 
Cohen, & Eisenberger, 2012). It engages the autonomic nervous system and affects 
heart rates, skin conductance responses, and startle reflex (Hajcak, 2012). 
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Impairment in error monitoring as indexed by the electrophysiological signal ERN 
and abnormal ACC activation are thought to characterize anxiety, OCD, ASD and 
schizophrenia; and has thus been proposed as candidate transdiagnostic 
endophenotype across these disorders (Manoach & Agam, 2013; Proudfit, Inzlicht, 
& Mennin, 2013). The present findings suggest that IFG/AI and thalamic, and not 
ACC impairment, are the specific neural correlates of error monitoring in adults with 
ASD+ADHD.  
The above interpretation of the findings could be challenged, however. The 
arrival of a stop signal after failed inhibition serves as a feedback for the mistake, 
thus eliciting a “whoops” effect that triggers implicit learning (Rieger & Gauggel, 
1999). Under such conditions post-error response slowing is expected in the trial 
immediately after the failed stop is committed (Rubia et al., 2005; Schachar et al., 
2004; Verbruggen & Logan, 2008). In this study, however, there was no evidence 
for a relation between these cluster activation and post-error behavioural 
adjustment. The lack of behavioural finding should be taken cautiously as it is likely 
that this study was not well-powered for behavioural analyses despite meeting 
sufficient sample size for a well-powered fMRI analysis (Thirion et al., 2007). There 
are also caveats for using the PES as an index of post-behavioural adjustment in 
this study. First, participants were aware that errors would occur half the time due to 
the task design. Second, they were instructed to be calm when they made a mistake 
to avoid involuntary motor movements in the MRI scanner. These instructions may 
have interfered with their post-error behavioural adjustment, which could possibly 
also explain the small magnitude of PES across groups. Nevertheless, the absence 
of relations between PES and brain activation could suggest that there was an 
alternative explanation for the neurofunctional impairment in the ASD+ADHD group.  
An alternative explanation could be that the reduced frontostriatal activations 
was instead related to inhibitory actions that were too late to be successful. 
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According to the horse-race model of the stop-signal task performance, initiated Go 
processes are overtaken by the Stop processes during successful stopping (Logan 
et al., 1997; Verbruggen & Logan, 2009a), and conversely the already initiated Stop 
processes are falling behind the Go processes during unsuccessful stopping. 
Consequently, both failed and successful Stop processes elicit near-identical 
activations, encompassing regions such as the right hemispheric IFG, AI, dmPFC 
(pre-SMA), the globus pallidus and the STN (Aron & Poldrack, 2006; Boehler et al., 
2010; Garavan, 2002). The association between the frontostriatal cluster and 
reduced SSRT in the right hemisphere for the ASD+ADHD and control groups did 
indeed reinforce this interpretation. Note, however, that interpretation was 
somewhat constrained by the fact that there was no significant difference of SSRT 
between the ASD+ADHD and the control groups, possibly due to the large variation 
of SSRT in the former. However, the absence of behavioural impairment in the 
presence of neural impairments during fMRI in the ASD or ADHD population is not 
uncommon (e.g., Chantiluke, Barrett, Giampietro, Santosh, Brammer, Simmons, et 
al., 2015; Cubillo et al., 2010, 2014; Kana et al., 2007; Ma et al., 2012; Shafritz et 
al., 2015), possibly since the arrivals of stop signals are more predictable in the 
online fMRI task than its offline version, which in turn was caused by the need to 
separate stop signals by at least 3-4 trials to account for hemodynamic delay in 
online task. In contrast, the signals in the offline task can be presented in more 
randomized and less predictable manner. The increased predictability of stop 
signals in the fMRI task leads to a loss of sensitivity towards behavioural 
performance. Finally, the task might have been more sensitive to tap behavioural 
performance in children than in adults with ADHD as findings have shown that 
children are more severely impaired than adults, in behaviour e.g., Alderson et al., 
2007; Lipszyc & Schachar, 2010), brain structure and activations (Hoogman, 
ENIGMA group, Rubia, & Franke, 2017; Lei et al., 2015; Norman et al., 2016).  
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 Increased Activations in the DMN in the ASD and ASD+ADHD Groups 
during Selective Attention 
The contrast Oddball against Go trials revealed activations predominantly in the 
superior and inferior parietal regions. These regions are part of the dorsal attention 
network, which is activated during phasic alerting that triggers readiness for 
detecting environmental changes, presumably reflecting endogenous or top-down 
maintenance of attention (Corbetta & Shulman, 2002; Singh-Curry & Husain, 2009). 
In this study, the Oddball trials did not appear to evoke activations from the inferior 
prefrontal cortices (e.g., vlPFC or IFG) unlike during simple oddball detection or the 
CPT-AX task (Singh-Curry & Husain, 2009). This could be associated with the task-
design, as the conventional oddball task typically prompt a behaviourally relevant 
and salient response when the rare Oddball but not when the Standard frequent 
stimuli appear (Vossel, Geng, & Fink, 2014). In the present task, both the Oddball 
and the standard Go trials required the same response. Therefore, the salience of 
the Oddball might have been reduced in comparison to that in the conventional task. 
Thus, it is possible that the Oddball trials evoked more top-down attention than 
bottom-up capture of attention in the present task.     
In the ASD+ADHD and the ASD groups, enhanced precuneus activation 
(presumably reflecting reduced precuneus deactivation) was found during selective 
attention in this study. Reduced deactivation in precuneus regions during EF task 
have been found among children and adults with ASD (Chantiluke, Barrett, 
Giampietro, Brammer, Simmons, Murphy, et al., 2015; Christakou et al., 2013; Di 
Martino et al., 2013; Kennedy et al., 2006; Schmitz et al., 2006) and were typically 
attributed to the DMN abnormalities, reflecting  lapses of attention and increased 
internal cognitive activities such as mind-wandering (Bonnelle et al., 2011; Christoff 
et al., 2009; Weissman et al., 2006). It is thus interesting that the activation in the 
right precuneus found in this study was positively correlated with omission errors in 
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the TD group, and while not significant, in the ASD and ASD+ADHD groups, 
supporting this interpretation of the role of this region as a DMN region in the 
context of selective attention.  
Again, there was a lack group differences in omission errors to Go trials in 
the behavioural data that has constrained the interpretation for the findings. 
Furthermore, attentional difficulties are typical among children and adults with 
ADHD alone or ASD+ADHD (Adamo et al., 2014; Corbett, Carmean, et al., 2009; 
Sinzig, Morsch, Bruning, et al., 2008; Tye, Asherson, et al., 2014). Subtle task 
differences across studies could be the reason for these discrepancies but it is also 
possible that the neurofunctional impairment suggested by the present task is 
specific to ASD. In ASD, functional abnormalities in the precuneus and generally the 
DMN regions including the mPFC, PCC, and lateral parietal cortices, have been 
found not only during EF but also during social cognition tasks (Castelli et al., 2002; 
Kana et al., 2009; Lombardo et al., 2011; Murdaugh et al., 2012; Pantelis, Byrge, 
Tyszka, Adolphs, & Kennedy, 2015). The present study provided further support for 
the general presence of DMN deficits in adults with ASD, including those with co-
occurring symptoms of ADHD during selective attention.  
  Despite previous findings of shared functional abnormalities between ASD 
and ADHD (Chantiluke, Barrett, Giampietro, Brammer, Simmons, Murphy, et al., 
2015; Christakou et al., 2013; Di Martino et al., 2013), no indication of abnormal 
precuneus function was found in the ADHD group. The present finding was 
unexpected since evidence for task-related suppression of precuneus in ADHD has 
been presented previously (Dibbets et al., 2010; Liddle et al., 2011; Schulz et al., 
2004). In the previous chapter I have highlighted the possibility that the individuals 
with ADHD might have reduced DMN deactivation during the entire task regardless 
of trial types as shown by Liddle et al. (2011). Although this interpretation is 
inconsistent with findings from Dibbets et al. (2010) and Schulz et al. (2004) that 
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found DMN deactivation in ADHD during inhibition trials, recent literature in adults 
with ADHD in fact suggested that they were unimpaired at down-regulating the DMN 
when switching from rest to task (Sidlauskaite, Sonuga-Barke, Roeyers, & 
Wiersema, 2016). Another finding has suggested that the true DMN abnormalities in 
adults with ADHD were not in the absolute failure to suppress the DMN at any 
tasks, but rather in the inability to adapt to “suboptimal, energetically challenging 
task conditions” (Metin et al., 2015, p. 212), i.e., during task with extreme event-rate 
presentations. These findings might explain why no task-related suppression in the 
DMN was observed in the ADHD group in this study.                   
 The Absence of a Group Effect during Response Inhibition  
The absence of a group effect in brain activation from the conventional response 
inhibition contrast of successful Stop against Go or Oddball trials was unexpected. 
In addition to the ANOVA, pairwise T-tests were carried out between the TD against 
each disorder group, which likewise revealed no activation differences, even when 
individuals with medication were excluded from the comparison. Group comparison 
in performance, i.e. of SSRTs also did not yield significant effects although pairwise 
comparison has shown that people in the ADHD group had shorter SSRT, and thus 
more inhibitory problem than the TD group. The absence of effect in performance 
particularly conflicts with previous findings of behavioural response inhibition deficits 
in children and adults with ADHD (Alderson et al., 2007; Lipszyc & Schachar, 2010). 
The lack of group differences also conflicts with well-established findings of under-
activation in the right IFG/insula and the striatum, that is typically shown during 
motor inhibition in both children and adults with ADHD (Hart, Chantiluke, et al., 
2014; Norman et al., 2016, Cubillo et al., 2010). Most importantly, the findings 
diverged from the behavioural findings using the GNG task (see Chapter 3), which 
suggested deficits in inhibition in both the ASD+ADHD and ADHD groups. However, 
as previously mentioned the study was not powered to detect neuropsychological 
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deficits and adults with ADHD have been less consistently shown to be impaired in 
inhibition measures (Lei et al., 2015; Norman et al., 2016). 
Studies of response inhibition in adults with ADHD have shown less 
consistent findings than those in children. Some studies have shown no impairment 
during response inhibition (Carmona et al., 2012; C.-Y. Chen et al., 2015; Congdon 
et al., 2014) and a large study has even shown atypical laterality in ventrolateral 
impairments (van Rooij et al., 2015). Heterogeneous findings in fMRI studies of 
adults with ADHD have been attributed to, among others, mixed medication history 
and increased heterogeneity of adult, compared to the child samples (Cubillo & 
Rubia, 2010). Indeed, meta-analyses have shown that the proportion of participants 
exposed to stimulant in fMRI inhibition studies was associated with increased 
activations in bilateral IFG/AI, STL/MTL, and reduced activation in the SMA 
(Norman et al., 2016). These results appeared robust against current medication 
use, i.e., no impairments were evident among individuals with ADHD when 
individuals with medications (both SSRT and psychostimulant) were excluded from 
the analysis. However, it is unknown whether effect of past medication intake might 
have impacted upon these findings, as medication history was not collected during 
the study.  
Findings in adults with ADHD would be influenced by increased 
heterogeneity in the population due to additional problems such as conduct 
problems and antisocial personality, anxiety, and substance abuse disorders 
(Biederman et al., 1993; Kessler et al., 2006; Molina & Pelham, 2014). Some of 
these problems were exclusion criteria for the study. Phone screening was 
conducted prior to inviting individuals into the study to rule out those with significant 
additional problems. However in-depth assessments using standardised instrument 
such as structured interviews were not conducted to completely rule out individual 
with additional psychiatric problems in the study.   
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Another likely explanation is age, which, as previous meta-analyses have 
shown, is associated with reduced abnormalities in the subcortical striatal structure 
and functions (Hart et al., 2013; Norman et al., 2016). Decline of hyperactive/ 
impulsivity symptoms among adults with ADHD, have been widely documented in 
previous studies (Biederman et al., 2000; Faraone et al., 2005; J. Hill & Schoener, 
1996), suggesting that the disorder is remitting with age. Likewise, (~40%) 
individuals who receiving their first-time ADHD diagnosis in adulthood, may have 
less symptom severity (Antshel et al., 2010; Barkley et al., 2008; Kolar et al., 2008). 
However, as shown in Chapter 3, individuals in the ADHD and the ASD+ADHD 
were impaired in response inhibition task and displayed more commission errors on 
the GNG task than the TD and ASD groups. Therefore, the proposed explanations 
for the lack of impairment in the ADHD group so far could only partial account for 
the current finding.  
Against the backdrop of reduced consistency of neural impairment findings 
in adults with ADHD, possible increase of heterogeneity in the samples due to co-
occurring problems, long-term therapeutic impact and age-dependent decrease of 
symptoms, and the detection of increased SSRT in the ADHD group when 
compared to the TD group, but apparent impairment on the GNG task, one may ask 
if the present stop-signal task has sufficient sensitivity for detecting response 
inhibition-related functional abnormalities among adults. At the stimulus 
presentation rate between 1700 – 2000 ms, the present stop-signal task is 
approximately twice as slow as the GNG task employed in Chapter 3. Studies in 
adults have shown that individuals can adopt different strategy beyond overriding 
planned action (see Verbruggen & Logan, 2009b). This could be a reason why no 
group effects were apparent across the behavioural outcomes of the present study, 
which also explained the apparent inconsistencies in the neuroimaging findings with 
the results of the neurocognitive study. 
An fMRI Study on Inhibition and Error Monitoring 
256 
 
 Findings in the Context of Comorbidity Debate  
Chantiluke et al. (2014) concluded in their study that the ASD+ADHD group had the 
most pronounced neural impairments relative to pure ASD and ADHD groups, due 
to their weakest brain and temporal-discounting association in the frontal and striatal 
regions. Consistent with their interpretation, individuals with ASD+ADHD in this 
study also demonstrated the least neural activation during error monitoring when 
compared to the pure groups, which were undifferentiated from controls.  I however 
refrained from concluding that the ASD+ADHD group had the most impairment 
overall as their task performance did not differ from young adults in the other clinical 
groups, even though the absence of group differences could have been related to 
the fMRI task’s lack of power for detecting group differences.        
It should be noted that neural impairments in the IFG/AI and thalamus 
observed in the ASD+ADHD group have been previously reported in children with 
ADHD, in some cases accompanied by post-error response slowing (Cubillo et al., 
2010; Plessen et al., 2016; Rubia, Halari, Mohammad, et al., 2011; Vasic et al., 
2014). In adults with ADHD, however, a recent study reported only a small cluster of 
reduced activations in the right IFG (C.-Y. Chen et al., 2015), with no behavioural 
performance impairment in the ADHD group, which was interpreted as improvement 
of neurofunctional impairment with age. Neural impairments in structure and 
function in ADHD have been found to be associated with a delayed brain maturation 
in ADHD (Hoogman et al., 2016; Rubia, 2007; P. Shaw et al., 2007, Sripada et al., 
2014). Speculatively, it is thus possible that the observed error-monitoring related 
frontostriatal impairment found in the ASD+ADHD group reflected an ADHD-like 
neural phenotype with an extended maturational delay that may have grown out in 
the pure groups. This tentative explanation, however, needs to be further explored 
either in a longitudinal study or in a case-control design involving both adult and 
paediatric populations.  
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The ASD and the ASD+ADHD groups showed similar DMN over-activation 
during selective attention, which provides the first evidence, from the newly 
collected data for this thesis, for a possible shared neural impairment between the 
two disorder groups, distinct from the ADHD group. If indeed reduced DMN 
suppression in the ASD is disorder-specific relative to ADHD in adulthood, the 
precuneus abnormality in the ASD+ADHD group would constitute an additive 
pattern of the pure groups in adulthood. Note, however, that the present result 
differs from previous findings in children with ASD and with ADHD, which have 
shown shared reduced DMN suppression during sustained attention (Christakou et 
al., 2013) and reduced shared functional connectivity in the DMN in pure and 
comorbid ASD+ADHD groups (Di Martino et al., 2013). It is possible that the 
differing findings were influenced by age, as the present investigation was 
conducted in young adults. Further studies in samples with wider age range might 
help to elucidate the variation of findings.  
 Strengths and Limitations 
A strength of this study was the inclusion of solely male participants. Although the 
female-to-male ratio of ADHD in adulthood is approximately equal (Fayyad et al., 
2007; Simon et al., 2009), there are substantially more males than females with 
ASD according to epidemiology studies (Elsabbagh et al., 2012; Idring et al., 2012; 
Mattila et al., 2011).  Studies in children and adults with ADHD suggested sex 
differences in neurocognitive performance, brain structures, and functions, with 
males showing higher levels of neurocognitive impairment (Bálint et al., 2009; 
Kasper et al., 2012; Park & Park, 2016; van Ewijk et al., 2015; Villemonteix, De 
Brito, Slama, et al., 2015). Evidence of sex differences among children and adults 
with ASD have also been reported (Frank, Baron-Cohen, & Ganzel, 2015; Jung et 
al., 2015). Therefore, the recruitment of all male subjects has enhanced the 
homogeneity of participant characteristics across groups. Another strength of the 
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study was that a large proportion of the participants, including all participants in the 
pure ASD group, were non-medicated at the time of the study. These enabled a 
sensitivity analysis excluding individuals on any current psychotropic medication 
including, the SSRIs and psychostimulants.  
Several weaknesses of this study included the non-homogeneous IQ 
distribution across groups. Despite my best efforts in participant recruitment, the 
group of controls and ADHD participants had significantly higher IQ than, 
particularly, the participants in the ASD group, who scored in the average range for 
their age group. Nevertheless, analyses have shown that the difference of IQ across 
groups did not influence the findings. The recruitment of uniformly right-handed 
participants across these samples was not feasible as there were frequent 
incidences of left-handedness among the participant pools with ASD (reviewed by 
Lindell & Hudry, 2013). No differences were found in the handedness across groups 
and there were approximately equal proportions of left-handed participants in each 
group. Another limitation is the number of participants per group, which, although 
exceeding 20 participants recommended for neuroimaging investigation (Desmond 
& Glover, 2002; Thirion et al., 2007), were still relatively quite small and could be 
underpowered to detect small effects. Finally, there was insufficient exploration of 
any other co-occurring psychiatric difficulties among the participants. Increased 
emotional, conducts, and peer relationships problems were observed among the 
clinical groups relative to controls on the SDQ17+, but the extent of their clinical 
significance was unknown as no in-depth assessments using more robust 
instruments such as structured clinical interview were carried out.   
 Implications and Future Directions 
This study explored the neural correlates of inhibitory function, error monitoring, and 
selective attention in young adults with ASD, ASD+ADHD, and ADHD. The results 
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suggested that neural impairments in bilateral frontostriatal regions was most 
detectable in the ASD+ADHD group during error-monitoring, whereas reduced 
precuneus suppression was found in the ASD+ADHD and the ASD groups during 
selective-attention. Given that the neural impairments found in the adult 
ASD+ADHD group were similar to those typically found in younger populations with 
pure ADHD, it was possible that such phenotype represent a more persistent 
impairment for the comorbid group. Limiting the interpretation to this finding was the 
fact that the behavioural performance did not differ across groups. Also, there was 
no direct comparison between adult and children samples in the study to confirm the 
hypothesised persistent impairment in the comorbid group. Furthermore, there was 
a distinctive absence of group difference in inhibitory-related neural impairments. 
Although this was not entirely unexpected based on previous studies in adults with 
ADHD, the discrepant findings between the neurocognitive deficits in the earlier 
chapter and the performance results in the fMRI studies pointed towards a problem 
with task sensitivity. Future studies in this topic may thus consider exploring 
response inhibition using a range of approaches, including methods with higher 
sensitivity. Investigation into wider age ranges of participants would also be useful 
to increase our understanding of the stability of these neural phenotypes in the three 










 Study V: An fMRI Study of Duration Discrimination in 
Adults with ASD, ADHD, and ASD+ADHD 
 
 Introduction 
The sense of timing is an integral part of everyday functioning. Getting ready, 
turning up on time, or being able to wait for one’s turn, could all be related to the 
ability to perceive time. Within the time perception literature, the term “interval 
timing” refers to the “perception, estimation and discrimination of durations” (Buhusi 
& Meck, 2005, p. 757) and is contrasted to “event timing”, which reflects the order of 
events (Falter & Noreika, 2014). There is substantial evidence for deficits of interval 
timing among children and adults with ADHD (Barkley, Murphy, et al., 2001; Meaux 
& Chelonis, 2003; Plummer & Humphrey, 2009; Smith, Taylor, Rogers, Newman, & 
Rubia, 2002; Suarez, Lopera, Pineda, & Casini, 2013; Toplak, Rucklidge, 
Hetherington, John, & Tannock, 2003), and findings of impaired neural correlates for 
timing in that population (Hart et al., 2012; Rubia, Halari, Christakou, & Taylor, 
2009; Smith et al., 2013; Vloet, Gilsbach, et al., 2010). Emerging evidence also 
suggests disturbances of timing among children with ASD (Allman et al., 2011; 
Bhatara et al., 2013; Falter et al., 2012; Maister & Plaisted-Grant, 2011; J. S. Martin 
et al., 2010); although no fMRI studies of interval timing have been conducted in this 
population to date. An fMRI study comparing individuals with ASD, ADHD, and 
ASD+ADHD would simultaneously reveal the neural correlates of timing function 
among individuals with ASD and be useful for exploring the neuropathology of 
ASD+ADHD group.      




 The Neuropsychological Model and Methods for Investigating Interval 
Timing 
A classical neuropsychological model of interval timing is described within the 
framework of “scalar expectancy theory” (Gibbon, 1977; Gibbon, Church, & Meck, 
1984), based on the observation that human and non-human species can be trained 
to anticipate a reward after a fixed time interval. After receiving such training, the 
subjects show anticipatory responses to the reward with high probability after the 
fixed interval, regardless of whether the reward was present or not. To explain this 
behaviour, Gibbon (1984) proposed an intrinsic timing function in the form of a 
pulse-generating “internal clock” or a “pacemaker”. This internal clock sends regular 
“pulses” to an “accumulator” throughout the duration. Under operant training 
condition, the pulse information is stored permanently in a “reference memory” (see 
Matell & Meck, 2000, p. 97), whereas under testing conditions, such as interval 
estimation, newly accumulating pulses in the working memory are compared to 
permanently stored information in the reference memory to decide on responses. 
Importantly, the interval timing has a scalar property akin to Weber’s law for sensory 
perception (Buhusi & Meck, 2005; Gibbon, 1977; Gibbon et al., 1984), that is, an 
individual’s performance or estimation on timing increased in variability as the length 
of training interval is increased.     
  Within the interval timing literature, distinctions have been made between 
subsecond and suprasecond timing, and between motor and perceptual timing 
(reviewed by Noreika et al., 2013). Subsecond timing is thought to be “automatic”, 
that is, it relies on brain circuitries associated with learned motor movement, instead 
of deliberate cognitive control (Lewis & Miall, 2003). In contrast, suprasecond timing 
relies on higher executive mechanisms such as working memory and sustained 
attention (Barkley, Murphy, et al., 2001). Human experimentation, and certainly 
those involving the clinical population, mostly require explicit responses, although 




some tasks require primarily perceptual functions (see, e.g., Gooch, Snowling, & 
Hulme, 2011; Huang et al., 2012; Sonuga-Barke et al., 2010), while others require 
more motor actions (see e.g. Barkley, Edwards, Laneri, Fletcher, & Metevia, 2001; 
Bauermeister et al., 2005; Brenner et al., 2015; J. S. Martin et al., 2010; McGee, 
Brodeur, Symons, Andrade, & Fahie, 2004; and other studies below). 
Primarily perceptual timing methods, such as the duration discrimination 
(Smith et al., 2011, 2002) and temporal bisection tasks (Droit-Volet & Wearden, 
2001; Kopec & Brody, 2010) were typically used for investigating subsecond timing. 
In both tasks, participants are typically asked to identify, between two stimuli, one 
which lasts slightly longer than the other (Smith et al., 2011). The time function 
ability could be judged from the number of correct identification or from the duration 
discrimination threshold (DDT), that is, the duration limen where discrimination is 
just feasible (Smith et al., 2002). Time estimation, production and reproduction are 
typically used for assessing suprasecond timing (Barkley, Murphy, et al., 2001; 
Bauermeister et al., 2005). The time reproduction task is an often-used paradigm, 
especially in ADHD and ASD studies (e.g., Bauermeister et al., 2005; Brenner et al., 
2015; Maister & Plaisted-Grant, 2011; J. S. Martin et al., 2010; Pironti et al., 2016). 
In this task, participants are typically given sample durations by means of sound or 
light stimuli over a brief interval, and then they are required to replicate the intervals 
with motor actions, for example, by pressing a light or sound switch, and 
reproducing the timespan. Since time reproduction requires the individuals to 
memorise the sample durations and to replicate these after a delay, it is considered 
to involve the highest working memory load among timing tasks (Barkley, Murphy, 
et al., 2001).  




 The Neural Correlates of Interval Timing 
Comprehensive reviews show that interval timing relies on the activation of the 
fronto-striato-thalamo-cerebellar circuitries, encompassing the premotor, prefrontal 
cortices, including the mPFC, dlPFC, IFG, subcortical structures such as the BG 
and thalamus, and the cerebellum (Buhusi & Meck, 2005; Droit-Volet, 2013; Noreika 
et al., 2013). These were supported by several meta-analyses of fMRI studies of 
timing among typically developing individuals (Lewis & Miall, 2003; Radua, Del 
Pozo, Gómez, Guillen-Grima, & Ortuño, 2014; Wiener, Turkeltaub, & Coslett, 2010). 
An early meta-analysis focused on the sub- or suprasecond timing distinction, 
whereby the findings suggested that the former timing function was associated with 
motor cortex activations, while the latter was associated with activations in the 
dorsal attentional network regions, including the right dlPFC and the parietal 
cortices (Lewis & Miall, 2003). However, the meta-analysis used over-inclusive 
selection criteria for the studies, some of which included inappropriate contrasts 
against a task-negative baseline, e.g., of resting or passive viewing.     
Building from this early study, recent meta-analyses findings suggest that 
timing functions rely on a complex system distributed over a wide network of regions 
(Radua et al., 2014; Wiener et al., 2010). Across all task types, common activations 
were found in the bilateral SMA, and right IFG, and specific activations were 
associated with motor timing in the left insula, MFG, and right IPL. Furthermore, 
perceptual timing activated the left putamen and right insula (Wiener et al., 2010). 
Subsecond timing, which activated the bilateral MFG, IPL, right caudate/putamen/ 
insula and the posterior cerebellum, was distinctive from suprasecond timing that 
activated the pre-CG, and bilateral insula over the common SMA and IFG activation. 
The simple dichotomisation of sub- and suprasecond timing and the findings of 
cerebellar activation in subsecond timing is consistent with a previous proposal 
(Penney & Vaitilingam, 2008). However, this was likely oversimplified as studies 




have shown that subsecond time discrimination carried out by contrasting 
suprasecond intervals (e.g., 1300 ms against 1000 ms) elicit frontal activations in 
the ACC/SMA, bilateral dlPFC, right pre-/post-CG, and right IPL, among typically 
developing individuals (Gutyrchik et al., 2010; Smith et al., 2013; Smith, Taylor, 
Brammer, Halari, & Rubia, 2008). In contrast, the cerebellar activations were elicited 
when subsecond intervals were discriminated against another subsecond duration 
(Neufang, Fink, Herpertz-Dahlmann, Willmes, & Konrad, 2008; Shih, Kuo, Yeh, 
Tzeng, & Hsieh, 2009; Vloet, Marx, et al., 2010). This might indicate the influence of 
the scalar property of interval timing upon these findings. Finally, the meta-analysis 
by Radua et al. (2014) show that regions activated during timing tasks, such as the 
SMA, insula/operculum, dlPFC, thalamus and striatum, largely overlap with regions 
activated during cognitive control tasks, suggesting that individuals with neural 
impairments associated with cognitive control tasks will also show impairments 
during a timing task.    
 Interval Timing in ADHD and in ASD and Their Neural Correlates 
For approximately two decades studies have amassed evidence for timing 
difficulties among children and adults with ADHD (Barkley, Edwards, et al., 2001; 
Barkley, Murphy, et al., 2001; Bauermeister et al., 2005; McGee et al., 2004; Pironti 
et al., 2016). These studies, primarily based on motor timing reproduction, typically 
showed that individuals with ADHD over- or underestimated time intervals when 
asked to reproduce them. Interval timing deficits extended into the subsecond 
perceptual domain in ADHD (Gooch et al., 2011; Huang et al., 2012; Smith et al., 
2002; Sonuga-Barke et al., 2010; Toplak & Tannock, 2005). Using a duration 
discrimination approach, Smith (2002) found that on average 22 ADHD children had 
50 ms longer DDT compared to age-matched controls. Other studies with larger 
samples of children with ADHD (> 40 children per group) using the same task, but 
different sensory modalities conducted by Toplak and Tannock (2005) and Huang et 




al. (2012) also showed that children with ADHD had longer DDT than typically 
developing children. This indicated reduced sensitivity towards short time intervals. 
The study by Huang (2012) was especially interesting, as it showed that children 
with ADHD, both with and without hyperactive presentation, had equally impaired 
timing relative to controls. Timing deficits appeared to be specific to ADHD relative 
to dyslexia or specific reading disorders (Gooch et al., 2011; McGee et al., 2004). In 
addition, using several approaches for investigating timing, response inhibition, and 
delayed reward among 71 children with ADHD, Sonuga-Barke et al. (2010) 
concluded that timing deficits formed an independent domain of difficulties, over and 
above the two other cognitive functions and considered the difficulties as one of 
multiple pathways towards ADHD.    
A meta-analysis of neuroimaging studies of timing in ADHD, which included 
studies of motor timing tasks, temporal discounting, and duration discrimination 
tasks, showed converging findings towards reduced activation in the right 
cerebellum, left IFC/insula, and left supramarginal gyrus, and increased activation in 
the precuneus and PCC regions, in the ADHD group relative to controls (Hart et al., 
2012). An fMRI study in boys with ADHD showed reduced activation in the ACC and 
posterior cerebellum using a whole-brain analysis (Vloet, Gilsbach, et al., 2010); 
and using the whole-brain approach, one study found reduced activation in the 
ADHD boys relative to controls in the bilateral IFC, left insula/putamen, SMA/ACC, 
and right dlPFC (Rubia et al., 2014). On the other hand, an analysis using the ROI 
approach showed that single doses of MPH or atomoxetine resulted in upregulation 
of the right vlPFC/insula (Smith et al., 2013). No fMRI studies of timing functions in 
adults with ADHD have been performed to date, although an exploratory study has 
revealed a relationship between GM abnormalities and time reproduction 
impairment (Pironti et al., 2016). In this study, timing discrepancy scores, which are 
under- or overestimation during time reproduction task outside the scanner, 




correlated with increased GMV in the right cerebellum lobule V among adults with 
ADHD. Taken together, timing deficits in ADHD are underpinned by abnormalities in 
several regions in the lateral and medial prefrontal cortices, including the IFG/insula, 
dlPFC and ACC/SMA, BG, parietal regions including PCC, IPC, precuneus, 
supramarginal gyrus, and cerebellum.  
In ASD, evidence for time deficits is accumulating (Brenner et al., 2015; 
Maister & Plaisted-Grant, 2011; J. S. Martin et al., 2010; Szelag, Kowalska, 
Galkowski, & Pöppel, 2004). Maister and Plaisted-Grant (2011) showed, using the 
time reproduction task and standard durations between .5 and 45 s, that children 
with ASD made more reproduction errors relative to age- and IQ-matched controls 
for the shortest duration, possibly due to attentional deficits, and longest duration, 
possibly related to memory difficulties. Using standard durations between 4 and 20 
s, Brenner et al. (2015) found that 27 children with HFA were significantly less 
accurate and less consistent in their time reproduction than typically developing 
controls. Younger children and those with poorer working memory appeared to have 
increased timing difficulties, and, interestingly, inattention and hyperactivity 
symptoms were neither related to accuracy nor consistency. Although no studies 
have investigated subsecond timing in individuals with ASD, some studies have 
used short intervals that would limit the confounding influence of working memory. 
Szelag et al. (2004) showed that children with autism with normal IQ reproduced 
their target durations off by 2 s on average, although the study relied on a small 
sample of seven autistic children only.  Martin et al. (2010) found that among adults 
with HFA, interval reproduction for short durations between .5 to 4.1 s deviated 
significantly while longer durations were underestimated more compared to those 
reproduced by age- and IQ-matched controls.   
No fMRI studies have investigated time interval perception in ASD. However, 
structural MRI studies in individuals with ASD have shown structural and functional 




abnormalities in key regions of timing function. For instance, GM abnormalities in 
the cerebellum were common, especially in the left hemisphere (D’Mello & Stoodley, 
2015; Ecker et al., 2012; Foster et al., 2015; Retico et al., 2016; Toal et al., 2010). 
Other brain regions implicated in timing functions where individuals with ASD have 
displayed GM abnormalities include: the BG (Bonilha et al., 2008; Foster et al., 
2015; Toal et al., 2010), fronto-lateral regions such as the left and right dlPFC  
(Ecker et al., 2012; McAlonan et al., 2008), and the IFG (Abell et al., 1999; Cheng et 
al., 2011; Kosaka et al., 2010; Mengotti et al., 2011).  The recent study by 
Chantiluke et al. (2015) showed reduced activations in the right dlPFC among 
children with ASD, shared with age-matched children with ADHD, during an n-back 
working memory task (a region and a cognitive function also implicated during 
timing tasks). Finally, in the only fMRI study of timing functions in individuals with 
ASD+ADHD to date, Chantiluke et al. (2014) showed that during the temporal 
discounting task, which involves both temporal foresight and reward choice (Cooper 
et al., 2013; Luhmann, 2009; Noreika et al., 2013; Rubia, Halari, Christakou, et al., 
2009), boys with ASD+ADHD demonstrated the most pronounced neural 
impairments. These boys showed the weakest association with reward discounting, 
not only in reward and motivation- regions such as the vmPFC/OFC and ventral 
striatum, but also in regions such as the IFG that is implicated in timing functions. 
Given that these brain regions have been implicated in previous studies of timing 
perception and the evidence of impaired time reproductions in people with ASD, it is 
reasonable to expect that individuals with ASD, similarly to individuals with ADHD, 
would demonstrate neural impairments during the duration discrimination task. 
 The Aims of This Study 
This study was aimed at investigating timing task performance among young adults 
with ASD, ADHD, and ASD+ADHD. Previous studies suggest that the difficulties in 
interval timing are characteristic of individuals with ADHD, supported by fMRI 




studies in the population (e.g., Hart et al., 2012; Rubia et al., 2014; Smith et al., 
2013). Based on several previous neurobehavioural studies, interval timing 
difficulties are also expected to be present among individuals with ASD (Brenner et 
al., 2015; Maister & Plaisted-Grant, 2011; J. S. Martin et al., 2010; Szelag et al., 
2004). Although no fMRI studies have been conducted in this population, neural 
impairments and structural deficits have been reported in several key regions 
involved in timing functions, including the BG, dlPFC, IFG and cerebellum (e.g., 
Chantiluke, Barrett, Giampietro, Brammer, Simmons, & Rubia, 2015; D’Mello et al., 
2015; Ecker et al., 2012; Foster et al., 2015; Toal et al., 2010).  For these reasons, 
individuals with ASD or ADHD were expected to have equivalent behavioural and 
neural impairments during interval timings, as judged from their performance on the 
duration discrimination task. Based on findings from the previous chapter showing 
that individuals with ASD+ADHD were most impaired during a response inhibition 
task, and Chantiluke’s (2014) study that has shown increased temporal reward 
discounting and weaker brain-behaviour correlations during duration discrimination 
among individuals with ASD+ADHD relative to ASD and ADHD groups. Individuals 
with ASD+ADHD were expected to show the most pronounced neural impairments 




This study involved 107 young-adult males, aged 20-27 years with diagnoses of 
ASD, ADHD, ASD+ADHD, and a TD group with neither ASD nor ADHD (see 
Chapter 4 for full recruitment details and participant characteristics). Data from two 
participants with ASD, three participants with ADHD, and two participants with 
ASD+ADHD were rejected from the final analysis due to excessive head movement 




beyond 3mm. One further participant was excluded from the ASD group as his 
behavioural data was lost due to technical error. Another participant’s data from the 
ASD+ADHD group was also unused due to an incidental finding. The final sample 
comprised 26 TD controls, 23 individuals with ASD, 24 with ASD+ADHD, and 25 
with ADHD. 
Figure 6-1: Schematic representation of the duration discrimination task 
 
Note. Blocks of Sequence (left) and Timing (right) for the duration discrimination task. Pairs of circles were presented one after 
another. One of the circles was red, always appearing on the right-hand side of the screen, and the other was green, always on the 
left-hand side. In the Sequence block, which was commenced by a grey circle labelled “2”, participants were required to identify the 
circles that appeared later between the pairs. In the timing condition, which was commenced by a grey circle labelled “L” the 
participants were required to identify the circles that lasted longer.     
 The Duration Discrimination Task 
This duration discrimination task probed the neural correlates of timing function in 
subsecond threshold, thus put minimal load on the working memory. The task 
consisted of two conditions: the (1) time discrimination and the (2) temporal order 
conditions, arranged in alternating-block design that offered good power of detection 
for timing perception in typically developing populations (Smith et al., 2011) and 
adolescents with ADHD (Hart, Marquand, et al., 2014; Rubia et al., 2014; Smith et 
al., 2013). The task consisted of 10 blocks alternating between the two conditions, 
starting with the temporal order condition. Each block began with a 3s cue 




consisting of a grey circle depicting the number “2” or the letter “L” that indicated the 
upcoming condition to the participants, i.e., the number 2 indicated the beginning of 
the temporal order condition, while the letter L indicated the time discrimination 
condition. Each block lasted for 30 s and consisted of six trials lasting for 4.4 – 4.6 
s. In each trial, a pair of circles (coloured green and red) was shown sequentially on 
the left- and the right-hand side of the screen. The green circle was always 
presented on the left, while the red was always on the right. There were equal 
numbers of trials where the left and the right circle appeared first. One circle, which 
could be the first or the second to appear, was shown for 1000 ms while the other 
for 1300, 1400, or 1500 ms. One block consisted of two trials each of the 
combinations: 1000 versus 1300 ms, 1000 versus 1400 ms, and 1000 versus 1500 
ms; and each trial was followed by a 2100 ms response period. The participants 
responded to the task by pressing a left or right button. During the time 
discrimination condition, the participant had to indicate which circle, between the 
pairs, stayed longer on the screen, whereas in the temporal order condition, the 
participant had to indicate which circle was shown second. To align the participants’ 
response onsets temporally, they were asked to respond as soon as the second 
circle disappeared from the screen. The key behavioural variable of interest in this 
task was the number of errors, MRT and SDRT, where higher values indicated more 
difficulties.   
 Acquisition of fMRI Data 
Imaging data were acquired on a General Electric (GE) MR750 3.0T MR scanner 
(General Electric, Milwaukee, WI, USA) at the Centre for Neuroimaging Sciences, 
Institute of Psychiatry, Psychology, and Neuroscience, King’s College London, UK. 
An 8-channel head coil was used for RF transmission and reception. The echo 
planar image (EPI) gradient-echo pulse sequence (TR/TE = 2000/30ms, flip 
angle=75°, FOV = 21cm x 21cm, 64 x 64 matrix, in-plane resolution=3mm, slice 




thickness=3 mm with gap of 0.3 mm) was used to acquire 41 slices of T2*-weighted 
MR images parallel to the inter-commissural plane, depicting BOLD contrast and 
covering the entire brain. The 5-minute scan resulted in 153 volumes in time series. 
A whole-brain high resolution structural T1 scan (Enhanced Fast Gradient Echo 3-
Dimensional/EF-GRE3D), co-registered with individual activation maps during pre-
processing, was also acquired in the inter-commissural plane with TE=3.016 ms, 
TR=7.312s, flip angle = 11o, 196 slices, FOV = 27cm x 27cm, 256 x 256 matrix, and 
slice thickness and gap of 1.2mm and 1.2mm. 
 Analysis of fMRI Data 
All fMRI data went through standard pre-processing steps including slice-time 
correction, realignment, co-registration to the individual structural T1 scan, 
segmentation, normalisation and smoothing. Each participant’s EPI data were 
normalised to the Montreal Neurological Institute (MNI) EPI template and smoothed 
using the 8-mm Gaussian kernel. Statistical analyses were conducted using the 
Statistical Parametric Mapping version 8 (SPM8). The analyses were done in two 
steps to ease the computational load. At the subject-level analyses, BOLD response 
to the experimental blocks was predicted using a vector of onsets and durations 
convolved with the canonical HRF.  The contrast Timing versus Sequence were 
used to probe time processing. Seven nuisance regressors were included to control 
the effects of volume-to-volume head motion and abrupt movement above 1 mm. A 
high-pass filter was applied at the cut-off (128s) and a first-order autoregressive 
model was used to correct for time series correlation.    
Within-group activations were reported using a stringent cluster extent 
threshold at p < .05 with family-wise error (FWE) correction and a voxel threshold of 
p < .001. At the group level, the two contrasts were submitted into a univariate 
ANCOVA, with group as independent factor and total movement, which was 




computed in framewise displacement to capture the head movement from one 
volume to the next (Power et al., 2014), was included as a regressor in the group 
level analyses. Between-group activations were reported at corrected cluster size ≥ 
396 voxels, corresponding to a cluster defining threshold of .001 and FWE-
corrected alpha level of .05 (http://blogs.warwick.ac.uk/nichols/entry/spm5_gem_6/). 
As studies typically compare one disorder group against controls, pairwise t-tests 
between each clinical group and controls were conducted to allow comparison with 
the literature, even if the traditional ANOVA returned no significant findings. When 
significant clusters were found the BOLD activations for each individual subject 
were extracted from significant clusters using the MarsBaR toolbox (Brett et al., 
2002), and subsequently analysed in the IBM SPSS Statistics for Windows version 
22 (IBM Corp., 2013). Post-hoc analyses were conducted pairwise with Dunn-Sidak 
correction, and further comparisons were conducted on SPSS covarying for IQ, and 
excluding individuals on medications. In addition, correlations between brain activity 
and relevant behavioural and trait measures in the groups showing impairments 
were contrasted against the findings in the control group. 
 Statistical Analysis 
Statistical analyses were performed using IBM SPSS Statistics for Windows version 
22 (IBM Corp., 2013). Group differences in continuous demographic data, such as 
age and IQ, and behavioural reports of hyperactivity symptoms and autistic traits, 
were assessed using the univariate ANOVAs. Performance data on the timing task 
was investigated using 4×2 (group × condition) mixed-design ANOVAs, exploring 
between-subject effect of group (TD, ASD, ADHD, ASD+ADHD) and comparing 
within-subject factor of condition (time discrimination, temporal order). Pairwise t-
tests of behavioural performance between each clinical group and the typically 
developing controls were also carried out to mirror the analyses conducted on the 
brain data. Where a group effect was observed, post-hoc analyses, employing the 




Dunn-Sidak correction for multiple comparisons of independent groups, were 
conducted to investigate the pairwise differences across groups and to explore the 
main influences for the differences.  
 
 Results 
 Group Characteristics 
The group characteristics of this sample are presented in Table 6-1. The sample did 
not differ in age and handedness. However, FSIQ differed significantly and was 
higher in the ADHD and the TD groups compared to the ASD group, F(3, 87) = 5.2, 
p < .002. As found in the full sample (see Chapter 4), individuals in the ASD+ADHD 
or ADHD rated themselves as having higher inattention, hyperactivity and 
impulsivity, and overall ADHD index on CAARS than controls or the ASD group, all 
Fs(3, 86) ≥ 17.7, all ps < .001. Multiple comparisons also suggested that individuals 
with ADHD rated themselves to have higher hyperactivity than those with 
ASD+ADHD (p <.001). Informant scores of DSM-IV inattention, 
hyperactivity/impulsivity, symptom numbers and ADHD index, obtained from among 
the clinical groups, were likewise significantly higher in the ADHD and the 
ASD+ADHD groups than the ASD group, all Fs(3, 86) ≥ 9.5, all ps < .001. All 
individuals in the clinical groups reported higher difficulties in social reciprocity as 
measured on the SRS, F(3, 86) = 18.4, p < .001, than controls (all ps <.001); 
although ratings of informants suggested that the ADHD group had the lowest 
difficulty, with rating against the ASD+ADHD group reaching significance level. The 
SDQ hyperactivity ratings were consistent with the CAARS, with the ASD+ADHD 
and the ADHD groups rated themselves with higher ADHD symptoms than the 
controls and the ASD group (all ps <.001). 

















Age (SD) 23.4 (1.5) 23.0 (.7) 23.1 (1.9) 22.9 (1.3) .46 .71 -- 
FSIQ (SD) 118.5 (12.1) 102.0 (19.8) 116.0 (13.2) 109.2 (14.8) 4.9 .003 ADHD, TD > ASD 
Handedness (Range) 66.2 (-100-100) 68.3 (-100-100) 65.2 (-95-100) 51.9 (-100-100) .29 .83 -- 
Left-handed  4 3 4 6 -- .71 -- 
Current stimulant -- -- 5 7 -- -- -- 
Current SSRI -- -- 3 2 -- -- -- 
CAARS self (t-scores)a        
 Inattention 44.2 (7.1) 45.4 (11.6) 66.1 (7.9) 62.3 (10.5) 36.0 <.001 ASD+ADHD, ADHD > ASD, TD 
 Hyperactive 44.9 (8.6) 46.2 (6.9) 65.1 (10.1) 57.6 (11.1) 26.1 <.001 ADHD > ASD+ADHD > ASD, TD 
 Impulsive 41.1 (5.8) 43.5 (11.5) 57.2 (9.5) 54.5 (11.1) 16.9 <.001 ASD+ADHD, ADHD > ASD, TD 
 ADHD index 41.8 (8.5) 44.6 (11.7) 65.2 (7.7) 59.1 (11.8) 31.3 <.001 ASD+ADHD, ADHD > ASD, TD 
CAARS informant (t-scores)b       
 DSM-IV inattention -- 56.7 (12.7) 76.2 (20.7) 76.2 (20.3) 11.3 <.001 ASD+ADHD, ADHD > ASD 
 DSM-IV hyperactive -- 48.4 (11.0) 66.1 (17.8) 65.7 (18.5) 9.1 <.001 ASD+ADHD, ADHD > ASD 
 DSM-IV symptom no -- 52.4 (13.7) 73.3 (22.1) 76.0 (19.7) 10.9 <.001 ASD+ADHD, ADHD > ASD 
 ADHD index -- 48.8 (7.2) 60.4 (16.5) 64.5 (17.4) 7.3 <.001 ASD+ADHD, ADHD > ASD 
SRS self (t-scores)        
 Total SRS score 48.5 (6.1) 61.3 (8.9) 62.7 (6.9) 66.7 (12.2) 20.6 <.001 ASD+ADHD, ADHD, ASD > TD 
SRS informant (t-scores)       
 Total SRS score -- 63.8 (8.6) 56.9 (10.5) 69.9 (11.6) 9.4 <.001 ASD+ADHD > ADHD 
SDQ17+ self        
 Hyperactivity 2.4 (1.8) 3.4 (2.0) 7.4 (1.5) 6.9 (2.1) 42.8 <.001 ASD+ADHD, ADHD > ASD, TD 
 Emotion 1.1 (1.4) 3.8 (2.7) 4.2 (2.4) 4.3 (2.6)  11.7 <.001 ASD+ADHD, ADHD, ASD > TD 
 Conduct 1.2 (1.2) 1.5 (.9) 2.8 (1.9) 2.9 (1.8) 7.9 <.001 ASD+ADHD, ADHD > TD 
 Peer relations 2.5 (2.0) 3.5 (1.6) 2.1 (1.5) 3.4 (2.1) 3.2 .026 ASD > ADHD 
SDQ17+ informant        
 Hyperactivity -- 3.1 (1.9) 7.4 (2.0) 7.1 (1.7) 38.1 <.001 ASD+ADHD, ADHD > ASD 
 Emotion -- 3.4 (2.1) 4.0 (2.4) 4.7 (2.7) 1.7 .196 -- 
 Conduct -- 1.3 (.9) 3.2 (2.1) 3.6 (2.5) 9.7 <.001 ASD+ADHD, ADHD > ASD 
 Peer relations -- 3.5 (1.3) 2.4 (1.8) 4.3 (2.1) 7.0 .002 ASD+ADHD > ADHD 
Note.   Abbreviations M = mean, SD = standard deviation, FSIQ = full-scale IQ, DX = diagnosis, CAARS = Conners Adult ADHD Rating Scale, SRS = Social Responsiveness Scale version 2, SDQ17+ = 
Strengths and Difficulties Questionnaires for age 17 years and above. Self-rated symptoms were indicated by ‘self’, while informant-rated symptoms (filled in by parents, partner, relatives or childhood friend) 
were indicated by ‘informant’. a,b CAARS-self questionnaires were rated on the short form, whilst CAARS-informants were rated on the long versions thus generating different domain scores. 




 Behavioural Data 
Behavioural measures of the duration discrimination task are presented on Table 6-
2.  A 4 × 2 (group × condition) mixed-design ANOVA showed more errors in all 
groups during the time discrimination than the temporal order condition, F(1,94)  = 
26.1, p < .001. However, there was no significant effect of group, F(3,94) = .81, p = 
.49, or interaction group × condition,  F(3,94) = .44, p = .73. The MRT was also 
longer during the time discrimination than the temporal order condition in all 
subjects, F(1,94)  = 149.5, p < .001, but there was no significant group effect, 
F(3,94) = .67, p = .57, or group × condition effect, F(3,94) = .32, p = .81, during the 
task. Similarly, the analysis of the SDRT indicated an effect of condition, with longer 
SDRT in the time rather than temporal order condition F(1,94) = 48.0, p < .001, but 
not group, F(3,94) = 1.90, p = .14, or interaction effect between group × condition, 
F(3,94) = .49, p = .67. Overall these results suggested that the participants found 
the time discrimination condition more difficult than the temporal order condition, 
although these difficulties affected all groups equally. Pairwise independent t-tests 
between each clinical group against individuals in the TD group returned no 
difference between each clinical group and the TD in time discrimination error, MRT 









% Error time discrimination (SD) 21.7 (10.6) 23.3 (15.7) 23.0 (14.2) 28.0 (13.4) 
% Error temporal order (SD) 15.3 (12.7) 18.7 (6.0) 19.0 (13.3) 17.3 (14.3) 
MRT time discrimination (SD) 591.3 (115.3) 560.1 (175.3) 618.1 (159.3) 572.3 (135.5) 
MRT temporal order (SD) 426.4 (91.4) 402.4 (118.5) 437.5 (146.4) 427.4 (106.9) 
SDRT time discrimination (SD) 203.9 (72.7) 192.3 (90.0) 220.6 (86.7) 224.9 (101.9) 
SDRT temporal order (SD) 141.3 (74.2) 122.4 (63.2) 158.5 (80.2) 183.2 (91.2) 
Note. Comparison of measures during the duration discrimination task indicated no difference across groups in performance in 
accuracy, MRT, and SDRT. The MRT and SDRT are in seconds, whereas accuracy is presented as raw number where the 
maximum was 30. MRT= Mean response time, SDRT = standard deviation of response time, a measure of response time 
variability, and SD = standard deviation. 




time discrimination, and SDRT time discrimination, with the exception of a trend 
wise greater time discrimination errors in the ASD+ADHD group relative to controls, 
t(48) = 1.91, p = .062.  
 Neuroimaging Data of the Duration Discrimination 
 Motion 
Group difference in the total volume-to-volume head movement in the x, y and z 
rotation and x, y and z translation was approaching significance, F(3,94) = 2.65, p = 
.053, primarily driven by the ASD group that has significantly more movement in the 
scanner than controls (p = .037). Total movement is covaried in the analysis of the 
brain activation data. 
 Brain Activations during Duration Discrimination 
Within-group Activations 
Regions of within-group activations for the contrast of time discrimination against 
temporal order are presented in Figure 6-2. The control group showed extensive 
clusters of frontal activation in right IFG and AI (BA47, 13, 44, 45, 46), reaching 
deep into the striatal and thalamic area, and frontally to the MFG, dlPFC (BA10, 9) 
and pre-CG (BA6), and medially to the mid-cingulate gyrus/medial PFC and the 
SMA (BA 32). Activations were also observed in the left IFG and AI (BA47, 13), 
reaching into the striatal/pallidum and in the bilateral IPL/supramarginal and angular 
gyri (BA40) and left posterior cerebellum. In the ASD group, clusters of activations 
were mostly overlapping with, but less extensive than in the control groups, and 
included the right IFG/AI (BA44, 45, 46, 13), reaching frontally to the MFG/dlPFC 
(BA6), and medially to the mid-cingulate gyrus/SMA (BA32) and at the premotor and 
SFG (BA10). Other clusters included the left IFG and AI (BA45, 13), right 
IPL/supramarginal/angular gyri (BA40), and left cerebellum, and left pre-CG (BA6). 




Participants with ADHD showed smaller clusters than the controls and ASD groups 
in the right IFG/dlPFC (BA44, 45, 46, 9, 8) reaching into the pre-CG (BA6), left 
posterior cerebellum extending slightly to the right cerebellar lobe, cingulate gyrus 
reaching bilaterally to the mPFC and SMA areas (BA24, 32, 6), and in the left 
IFG/pre-CG (BA44, 45, 6). The clusters of activations in the ASD+ADHD group were 
the least extensive compared to the other groups. They were primarily found in the 
medial PFC and SMA (BA24, 32, 6), and bilateral AI and IFG (BA13, 47, 45), 
reaching into the caudate/putamen on the right hemisphere. 
Figure 6-2: Within-group brain activations during duration discrimination 
 
Note. Within-group brain activation clusters contrasting the block time discrimination against temporal order corresponding to 
duration discrimination in the TD (A), ASD (B), ADHD (C), and ASD+ADHD group (D). The clusters were obtained at a threshold 
cluster extent k ≥ 396 voxels, corresponding to p <.05 FWE. Only increased activations are presented in the figure and images’ left 
is the participants’ left side. 
 





Univariate ANOVA revealed no group effect in the brain activation for the time 
discrimination vs. temporal order contrast. Pairwise t-tests between each disorder 
groups relative to controls revealed reduced brain activation in the ASD+ADHD 
group in a cluster encompassing the right IFG/dlPFC and the ventral part of the pre-
CG (BA47, 46, 45, 44, 6), t(48)  = 4.6, p < .001. This remained significant when IQ 
was covaried, t(47)  = 3.8, p < .001, likewise when all participants with SSRI, t(45)  = 
3.8, p < .001, and all on current medication were excluded from the ASD+ADHD 
group, t(40)  = 3.8, p = .001 (Figure 6-3 and Table 6-3). No difference in brain 
activations were observed between the pure clinical groups and the TD controls 
even individuals with medication were excluded from the analyses.  
Figure 6-3: Reduced BOLD activation in the ASD+ADHD group versus controls during duration 
discrimination 
  
Note. Individuals with ASD+ADHD demonstrated reduced brain activation relative to controls during duration discrimination in a single 
cluster in the IFG/frontal operculum/dlPFC/pre-CG (A). The cluster was obtained at a threshold cluster extent k ≥ 396 voxels, 
corresponding to p <.05 FWE. BOLD activation during duration discrimination were compared between the TD and the ASD+ADHD 
group in plot (B) Mean BOLD signal from the cluster are presented with 95 % confident intervals. 
 
Table 6-3: Reduced activation cluster in the ASD+ADHD group versus controls 
Brain regions BA MNI coordinates T k 
x y z 
R IFG/dlPFC/pre-CG 47, 46, 45, 
44, 6 
32 36 8 4.19 440 
46 12 10 3.98  
42 20 10 3.70  
Note. A cluster in the right IFG/dlPFC/pre-CG was found to be reduced in the ASD+ADHD compared to the TD during the 
duration discrimination, covarying total head movement. The effect was robust to covarying for IQ and sensitivity analyses 
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Correlational Analyses  
A significant negative correlation was found between the mean BOLD activation in 
the IFG cluster and the SDRT of the time discrimination in the TD group, rTD (25) = -
.41, p = .039, suggesting that reduced IFG activation was associated with increased 
response variability. No such relationship was apparent in the ASD+ADHD group, 
however, rASD+ADHD(23) = .01, p = .97. No significant correlation was found between 
brain activation and the MRT of the TD, rTD (25) = -.09, p = .67, or ASD+ADHD 
group, rASD+ADHD(23) = .26, p = .21, and the task response accuracy of the TD, rTD 
(25) = .17, p = .41, or ASD+ADHD group, rASD+ADHD(23) = .21, p = .33. .  No 
correlations between the BOLD activations and ADHD traits were found in the TD, 
rTD(25) = -.03, p = .89 or ASD+ADHD group, rASD+ADHD(23) = -.13, p = .54. 
Furthermore, BOLD activations did not correlate with ASD traits, rTD(25) = -.09, p = 
.67 and rASD+ADHD(23) = .11, p = .62. 
Figure 6-4: Correlations between brain activations and SDRT in the TD and ASD+ADHD 
groups 
 
Note. Scatterplot and trend lines for the relationships between mean BOLD signals extracted from the IFG/dlPFC/pre-
CG cluster against SDRT, an index of difficulties performing the task. Reduced activation was correlated with increased 



























This study explored the similarities and differences of the neural underpinnings of 
duration discrimination performance across groups of typically developing young 
adults and those with ASD, ADHD, and ASD+ADHD. Findings of this study showed 
that individuals with ASD+ADHD had reduced activation in a cluster in the right IFG/ 
dlPFC/pre-CG when the group was compared pairwise with the TD control group. 
Reduced activation of the cluster was associated with increased intra-subject SDRT 
in the TD group, but not in the ASD+ADHD group. 
 Reduced IFG/dlPFC Activations in the ASD+ADHD Group Relative to 
Controls  
One possible interpretation for this finding was that the ASD+ADHD group was the 
most neurally impaired group. This interpretation is in line with that from a previous 
study (Chantiluke et al., 2014) and the previous chapter of this thesis. Chantiluke’s 
(2014) study used a temporal reward discounting task that predominantly tested 
choice impulsivity in the context of rewards, although regions such as dlPFC, IFC, 
and insula, which mediated performance in this study are typically activated during 
cool EF thus could also be related to the temporal processing aspect of the task 
(Bickel, Pitcock, Yi, & Angtuaco, 2009; Christakou, Brammer, & Rubia, 2011; 
McClure, Laibson, Loewenstein, & Cohen, 2004). Supporting this interpretation was 
the finding from a meta-analysis by Radua et al. (2014) that showed that cognitive 
control tasks significantly overlapped with time estimation in their activation of left 
and right IFG and dlPFC. At the performance level, however, the ASD+ADHD 
participant group appeared to demonstrate, on average, only trend-level higher 
errors during the time discrimination condition compared to typically developing 
controls. However, as mentioned before, many previous fMRI studies in ADHD have 
also found neural abnormalities in similar regions despite no behavioural 




impairments (Rubia, Halari, Christakou, et al., 2009; Vloet, Gilsbach, et al., 2010), 
which, as discussed previously, may be due to low power for performance data or 
loss of sensitivity in fMRI tasks over behavioural tasks.          
Studies in typically developing adults have shown that the activations in the 
right frontal opercular/dlPFC are central to timing function, together with other areas 
such as bilateral SMA, AI, BG and IPL (Wiener et al., 2010). During duration 
discrimination, IFG and dlPFC activations have shown the most between-subject 
variability dependent on the duration discrimination difficulty (Tregellas, Davalos, & 
Rojas, 2006). The right IFG have also been found as one of the subset of regions 
including pre-SMA, ACC, and right caudate that increased in activation with 
increasing duration (Pouthas et al., 2005). Importantly, manipulating the difficulties 
of the control task appeared to vary the activation effect in many regions of the brain 
including dlPFC but not IFG/AI, supramarginal gyrus, and BG. This suggests the 
IFG is foremost related to timing rather than general task load (Livesey, Wall, & 
Smith, 2007). Overall the findings suggest that the IFG is a key region for duration 
discrimination and timing in typically developing adults. Its reduced activation the 
ASD+ADHD group in this study thus signified impairment of functions.  
A significant negative correlation was found between the activation in the 
right IFG/dlPFC clusters and intrasubject SDRT in the TD group, suggesting that 
increased activation in this region reflected improved performance in the control 
group, but not in the ASD+ADHD group. In studies of individuals with ADHD, 
intrasubject SDRT has typically been found higher relative to typically developing 
controls in tasks such as sensorimotor timing (e.g. Rubia, 1999; Shiels Rosch, 
Dirlikov, & Mostofsky, 2013) and time estimation and reproduction tasks (e.g. 
Barkley, Edwards, et al., 2001; Barkley, Murphy, et al., 2001), which has been 
implicated in abnormal timing and attention functions. Intrasubject SDRTs during 
sensorimotor and time estimation tasks increase with interval lengths to be 




estimated (Barkley, Edwards, et al., 2001; Barkley, Murphy, et al., 2001; 
Bauermeister et al., 2005; McGee et al., 2004; Pironti et al., 2016; Rubia, 1999), 
showing strong adherence to the scalar property of interval timing, which is 
consistent with the interpretation that the variable reflects timing function deficits.  
Increased variability of SDRT could also reflect the difficulties in sustaining 
attention, in this case, to “the passage of time” (Zakay, 1993, p. 657). Intrasubject 
SDRT in tasks involving low presentation of stimuli such as the CPT (and not the 
GNG) has been thought to represent lapses in vigilance, and was typically 
increased in people with ADHD (Huang-Pollock et al., 2012).  In fMRI studies, 
negative correlation has been reported between intrasubject response variability 
and BOLD activation in the insula, right inferior prefrontal, and STL among typically 
developing boys (Rubia, Smith, Brammer, & Taylor, 2007) evaluated on a low-
frequency target detection task. Relatedly, by varying the likelihood of response 
according to duration or colour, and thus manipulating the attentional allocation to 
either condition, Coull et al. (2004) showed that up-modulated attention to time was 
associated with increased activation in right IFG and pre-SMA among others. Taken 
altogether, the under-activated right IFG/dlPFC cluster and its lack of association 
with the intrasubject SDRT in the ASD+ADHD group reinforces the interpretation of 
abnormal IFG/dlPFC functioning during time discrimination in this population.  
 The Lack of Impairments in the Pure Groups Relative to Controls 
The absence of impairments during interval timing in the pure ASD and ADHD 
groups were unexpected. The hypotheses for the ASD group was based on 
behavioural studies mostly in children and one study in adults (Brenner et al., 2015; 
Maister & Plaisted-Grant, 2011; J. S. Martin et al., 2010; Szelag et al., 2004) 
supported by indirect evidence of structural abnormalities in brain regions such as 
cerebellum, BG, and bilateral dlPFC reported in past MRI studies (e.g., Bonilha et 




al., 2008; D’Mello & Stoodley, 2015; Ecker et al., 2012; McAlonan et al., 2008). The 
hypothesis of neural impairments in the ADHD group was also directed by the 
available research in children (Smith et al., 2013, 2008; Vloet, Gilsbach, et al., 
2010). Therefore, age could be a primary factor that set these findings apart. 
Evidence of atypical neural development has been found among individuals 
with ASD. From age 11-35 years, vigilance-related brain activations in males with 
ASD in the IFC/insula/STL, mPFC, striato-thalamic, and lateral cerebellar regions 
either diminished or showing opposite relationship with age compared to the TD 
group (C. M. Murphy et al., 2014). Age-related structural changes have also been 
documented among individuals with ASD, mostly inferred from cross-sectional 
observations. For instance, in males with ASD from age approximately 10-30 years, 
GMV at the medial, superior and middle frontal gyri and cuneus increased with age 
while the opposite were observed in TD males (H. Y. Lin et al., 2015), perhaps 
reflecting lagging maturation. Adults with ASD might also develop compensatory 
mechanism during task as has been detected among children with ASD in the 
cerebellum during a sensorimotor task (Christakou et al., 2013). Note that while 
individuals with ASD in the study by Murphy et al. (2014) had greater intrasubject 
SDRT and MRT than controls, they demonstrated no more omission errors despite 
the observed neural impairments. Such findings may suggest compensatory 
mechanisms which was heterogeneous inter-individually and undetectable through 
fMRI studies.  
None of the individuals with ASD was on medication at the time of the study, 
and the findings in the pure clinical groups remained even after excluding 
individuals with current medications. However, past medication intake could still 
influence the findings in this study, and medication history was not collected from 
the participants in this study, which was a limitation. Medication history might be 
more heterogeneous among individual with ASD than in their typically developing 




peers and their ADHD counterpart. Among most frequently prescribed psychotropic 
medications in children with ASD were antidepressants, psychostimulants, 
antipsychotic and anxiolytics prescribed in a large proportion of children (Esbensen, 
Greenberg, Seltzer, & Aman, 2009; Oswald & Sonenklar, 2007). Over 50% of 
children were prescribed in in the first year of a longitudinal study in adolescents 
and adults with ASD, with a significant increase of psychotropic medication up to 
64% was recorded 4.5 years after the first survey that took place (Esbensen et al., 
2009) in the U.S. Similar rates have also been reported in Canada among adults 
with ASD (J. K. Lake, Balogh, & Lunsky, 2012). Pharmacotherapy is prescribed at 
lower rate (i.e., 30%) in individuals with ASD in the U.K since no psychotropic 
medications are formally approved for the condition (M. L. Murray et al., 2014). 
Nevertheless, some individuals in this study may have taken psychotropic 
medication in the past which have a sustained long-term therapeutic impact or 
obscure the true difference between individuals in the pure groups from the TD 
controls.  
The absence of IFG, BG and SMA impairments in the ADHD group the 
present study is inconsistent with previous reports of neural under-activation in 
these regions, mostly in children with ADHD during sensorimotor timing and 
duration discrimination (Christakou et al., 2013; Rubia et al., 2014; Rubia, Halari, 
Christakou, et al., 2009; Valera et al., 2010). As in the ASD group, the absence of 
neural impairments in these regions in the ADHD group might reflect age-dependent 
effect. The effect of age in the neural correlate of duration discrimination among 
individuals with ADHD has not been thoroughly investigated, although several meta-
analyses of response inhibition studies have shown age-dependent reduction of 
abnormalities in the BG, specifically in the right caudate, which no longer appear to 
impaired functionally in adults with ADHD during response inhibition (Hart et al., 
2013; Lei et al., 2015; Norman et al., 2016), also shown using a meta-regression 




analysis in Chapter 4. This was supported by findings of converging volume of 
caudate nucleus in late adolescents and early adulthood in people with ADHD and 
typically developing controls (Castellanos et al., 2002; Greven et al., 2015; Nakao et 
al., 2011). Hart et al. (2013) also pointed out that SMA under-activation was more 
prominently associated with children and not adults with ADHD while the opposite 
true for IFG impairments. These exploratory analyses have to be taken with 
cautions, however, meta-regression analyses conducted in the same study showed 
no age effect in these regions.  
In adults with ADHD, factors such as medication history and the 
development of compensatory mechanism could also be related to the null findings 
in the current study (Cubillo & Rubia, 2010). Both single dose of atomoxetine and 
MPH have shown to normalise the functional impairments in the IFG/insula among 
children with ADHD during the duration discrimination tasks (Rubia et al., 2014; 
Smith et al., 2013). Further, psychostimulant exposures have been associated with 
normalised dlPFC functioning elicited by a collection of diverse tasks associated 
with timing functions (Hart et al., 2012). Medication effects have also been observed 
in relation to the IFG activations during response inhibition (Rubia et al., 2014, 
Norman et al., 2016, see also Chapter 4). Therefore, null findings in adult 
participants shown in the present study could be attributed to long-term therapeutic 
effect of ADHD medication.  
Two other factors could have explained the lack of findings in the ADHD 
groups relative to controls and generally the small effect size of the findings. As 
pointed out in the previous chapter, in the interest of including as many participants 
possible who were not on current medication or who were medication-naive, a 
significant proportion of individuals with ADHD have received their first-time 
diagnoses in adulthood. Although the diagnoses were given to the individuals who 
demonstrated difficulties childhood only, these participants might represent a subset 




of individuals whose ADHD symptoms were less severe (Antshel et al., 2010; 
Barkley et al., 2008; Kolar et al., 2008). Finally, as the duration discrimination task 
has not been tested among adults with ASD or ADHD in the fMRI setting, it is 
pertinent to question its sensitivity in the adult population. Future studies in this 
population may consider using several measures of timing to increase the sensitivity 
of the study and the range of timing function in the adult population. 
 Findings in Relation to the Pure Groups and the Comorbidity Debate 
There was an absence of group effects in the four-way ANOVA comparison across 
groups. However, the significant under-activation in the IFG/dlPFC cluster 
demonstrated by adults with ASD+ADHD compared to controls, as well as the lack 
of pairwise difference between the pure ASD or ADHD group relative to controls, 
could signify a specific impairment in the neural correlates of duration discrimination 
in the comorbid group. As also argued in the previous chapter, the resemblance of 
the present findings to those findings in children with ADHD (Smith et al., 2013, 
2008; Vloet, Gilsbach, et al., 2010) might suggest that the reduced activation in the 
right IFG/dlPFC in the ASD+ADHD group represents an ADHD-like neural 
impairments that is more persistent in adulthood. However, this interpretation was 
constrained by the fact that only trend-level behavioural impairment was found in 
this group during time discrimination and the narrow age range of individuals 
involved in the study. Replication of the findings using a task that is sensitive to both 
neural and behavioural performance would be useful to confirm their links. 
 Strengths and Limitations 
The strengths and limitations outlined in the previous chapter also apply to this 
study. Briefly, the inclusion of only male participants enhanced the homogeneity of 
participant across groups, and the large proportion of non-medicated participants at 
the time of the study allowed a sensitivity analysis excluding individuals on any 




current psychotropic medication. The limitations included the non-homogeneous IQ 
distribution across groups, although covarying for IQ did not change the findings the 
two groups. Not all participants were right handed, although there were 
approximately an equal proportion of left-handed participants across groups. 
Furthermore, the number of participants in this study, while exceeding 20 
participants recommended for neuroimaging studies (Desmond & Glover, 2002; 
Thirion et al., 2007) may be underpowered for investigating small effects and the 
behavioural responses towards fMRI tasks as the latter is typically less sensitive to 
behavioural changes than out-of-scanner tasks. Lastly, the study would benefit from 
in-depth assessment of psychiatric difficulties among participants to confirm that the 
findings were not influenced by undetected additional psychiatric problems in the 
samples.  
 Implications and Future Directions 
Similar to findings in the previous chapter, the ASD+ADHD group appeared to have 
the most detectable neural impairments in the right IFG/dlPFC, a region that has 
been shown to serve both cognitive control and duration discrimination (Radua et 
al., 2014). Similar impairments have been observed in children with ADHD, which 
could suggest a persistence ADHD-like deficit among the ASD+ADHD group, 
although this should be further investigated in samples with wider age range to test 
for developmental effects. The pure group did not appear to have neural 
impairments, which could be due to age-related development, long-term medication 
effects and increased heterogeneity in the samples. It is possible that the duration 
discrimination task was not sufficiently sensitive for detecting timing difficulties 
among adults. Therefore, a multimeasure approach in samples of individuals with 
wider age range could be recommended for investigating time discrimination 







 General Discussion 
 
The overarching aim of this thesis was to explore the neurocognitive and 
neural correlates for ADHD symptoms among individuals with a diagnosis of ASD. 
To this end, I examined the similarities and differences of the neurocognitive and 
neural underpinnings of ADHD and ASD diagnoses and symptoms using several 
approaches including statistical modelling, multimodal neuroimaging meta-analyses, 
and group comparison studies of newly collected data from convenience samples of 
young adults with ASD, ADHD, ASD+ADHD and typically developing controls in a 
series of neurocognitive and neuroimaging investigations. The thesis examines 
several research questions: (1) Are ADHD symptoms in ASD associated with the 
heterogeneous EF impairments, if so how? (2) How do groups of individuals with 
ASD, ADHD and ASD+ADHD compare in separate neurocognitive subdomains of 
EF and SC? (3) How do people with “pure” ASD and ADHD compare in their brain 
structures and functions? (4) How do the neural correlates of response inhibition in 
people with ASD, ADHD, and ASD+ADHD compare? (5) How do the neural 
correlates of timing in people with ASD, ADHD, and ASD+ADHD compare? And 
finally, (6) what comorbidity models fit the findings of these studies? I first will 
summarise the approaches that were taken and describe the major findings from 
the studies completed throughout the PhD, then discuss briefly the findings of this 
study, and pose some questions that can be addressed in future studies. The 
strength and limitations of the thesis are reviewed in the wider context of the 
comorbidity between ASD and ADHD. Finally, I will discuss the implications of the 





 Summary of Studies and Major Findings 
Table 7-1 summarises all studies included in this thesis, their samples, and primary 
and secondary findings. The first study, reported in Chapter 2, was a statistical 
modelling of the relationships among EF deficits, ToM deficits, and ASD and ADHD 
symptoms among 100 predominantly male adolescents with IQ ≥ 50 from the SNAP 
cohort, a population-based group of people with research diagnosis of ASD seen in 
the first time at the age of 10-12 years and now young adults (Baird et al., 2006). 
The study employed a multi-informant and multi-measure approach. Latent factors 
were modelled to capture the underlying constructs of EF deficits, ToM deficits, and 
ASD and ADHD symptoms from these measures, and SEM was used to model the 
relationships of these factors with one another. The main finding of the study was 
that the deficits of EF were specifically associated with ADHD symptoms, while 
deficits of ToM were specifically associated with ASD symptoms. Other findings can 
be found on Table 7-1.      
The second study in Chapter 3 contrasted the performance of an array of 
cognitive functions broadly defined as part of the EF and SC among young adult 
males with diagnoses of ASD, ADHD, and ASD+ADHD against a TD control group. 
The study again employed a multi-measure approach. It used a range of 
computerised neurocognitive tasks assessing the EF subdomains of response 
inhibition, sustained attention, visuospatial working memory, temporal discounting, 
and cognitive flexibility, and the SC subdomains of ToM and emotion recognition. 
Information about the participants’ ASD and ADHD traits were collected from the 
participants and for the participants in the clinical groups, ratings of those traits were 




Table 7-1: Summary of studies and major findings 
Study / Sample Approaches Primary findings Secondary findings 
Study I    
ASD (n = 100) 
Community sample 
Modelling the relationships among latent 
factors EF, ToM, and symptoms of ASD 
and ADHD using multi-measure and 
multi-informant approach and structural 
equation model. 
• EF deficits were specifically associated with ADHD 
symptoms while ToM deficits were specifically associated 
with ASD symptoms.  
• Symptoms of ADHD and ASD were correlated with each 
other but this was due to shared source of information 
from parents. 
• EF and ToM were correlated with one another but not 
when the variation related to IQ was controlled. 
• Controlling variation of EF and ToM which were related to 
IQ and controlling for source of information from parents 
did not change the specificity of relationships between EF 
and ADHD symptoms, and between ToM and ASD 
symptoms.  
Study II    
TD (n = 26) 
ASD (n = 26) 
ADHD (n = 28) 
ASD+ADHD (n = 27) 
Convenience 
sample 
Group comparison of the neurocognitive 
performance in response inhibition, 
sustained attention, visuospatial working 
memory, temporal reward discounting, 
cognitive flexibility, ToM, and FER 
across groups of young adult males with 
ASD, ADHD, ASD+ADH group and a TD 
group of matched age. 
• Individuals with ADHD and with ASD+ADHD were 
impaired in measures of inhibition, sustained attention, 
and working memory, and the differences were robust to 
covarying IQ differences across groups. 
• Individuals with ASD alone were impaired on ToM and 
FER tasks but this was associated with the IQ differences 
across group.   
• No association was found between ADHD traits and EF 
deficits and between ASD traits and SC deficits  
• Performance of temporal discounting task did not differ 
across groups but pairwise comparison suggested that 
individuals with ADHD alone were impaired relative to TD 
controls.  
• Cognitive flexibility performance did not differ across 
groups and was not impaired in the ASD group compared 
to the TD controls. 
Study III    
fMRI studies 
ASD (n = 208) 
ASDCON (n = 215) 
ADHD (n = 623) 
ADHDCON (n = 607) 
 
VBM studies 
ASD (n = 1059) 
ASDCON (n = 1077) 
ADHD (n = 1283) 
ADHDCON (n = 1054) 
 
Meta-analysis of inhibitory-related fMRI 
and VBM abnormalities in ASD and in 
ADHD relative to controls.   
• ASD and ADHD were mostly separate disorders with 
relatively few shared abnormalities.  
• People with ASD displayed reduced activation in the 
ACC/dmPFC, dlPFC, IPL, precuneus during inhibition and 
the GMV deficits in the thalamus and enhanced PCC,  
• People with ADHD displayed specific decrease in the right 
IFG during inhibition and striatal GMV deficit. 
• Both conditions were associated shared impairment in the 
right IFG orbital part, extending to the right AI and shared 
reduced GMV in the rdACC/dmPFC and enhanced left 
precuneus GMV. 
• Psychostimulant exposures were associated with 
enhanced GMV in the vmOFC, and reduced GMV in the 
left IFG and right olfactory cortex; and functionally with 
increased activation right IFG and MTG among individuals 
with ADHD. 




TD (n = 22) 
ASD (n = 21) 
ADHD (n = 25) 
ASD+ADHD (n = 23) 
Convenience 
sample 
• Functional MRI study comparing the 
neural correlates of response 
inhibition, error monitoring across 
groups of young adult males with 
ASD, ADHD, ASD+ADHD and a TD 
group of matched age.  
• The investigation used the modified 
stop-signal task in an exploratory 
whole-brain approach. 
• The ASD+ADHD group demonstrated reduced brain 
activations in the left insula/IFG/STG/MTG and the right 
insula/IFG/thalamus/PHGy during error monitoring. 
• Individuals in the ASD and the ASD+ADHD groups 
demonstrated reduced deactivations in the right 
precuneus during selective attention.  
• No group differences were found in the brain functions 
associated with successful response inhibition.  
• The findings were robust to co-varying for IQ and when 
people with medications were excluded.  
• The error-monitoring activation in the right 
insula/IFG/thalamus/PHGy was negatively correlated with 
the SSRT and ADHD index in the TD but only with the 
SSRT in the ASD+ADHD group. 
• The precuneus activation was positively correlated with 
the error of omissions in the TD group but not in the ASD 
and the ASD+ADHD groups.  
 
Study V    
TD (n = 26) 
ASD (n = 23) 
ADHD (n = 25) 
ASD+ADHD (n = 24) 
Convenience 
sample 
• Functional MRI study comparing the 
neural correlates the neural activation 
related to interval timing function 
across groups of age-matched young 
adult males with ASD, ADHD, 
ASD+ADHD and a TD group.  
• The investigation used the duration 
discrimination task and a whole-brain 
exploratory approach.  
• Pairwise comparisons of each clinical group against 
control revealed significantly reduced activations in the 
right IFG/dlPFC/pre-CG in the ASD+ADHD group 
compared to controls  
• No group effect was observed across the four groups. 
• The findings were robust to co-varying for IQ and when 
people with medications were excluded. 
• Reduced BOLD activation in the right IFG/dlPFC/pre-CG 
was associated with increased SDRT in the TD but not the 
ASD+ADHD group. 
Note. Abbreviations: TD = typically developing, ASD =autism spectrum disorder, ADHD = attention-deficit/hyperactivity disorder, EF = executive function, ToM = theory of mind, FER = facial 
emotion recognition, fMRI = functional magnetic resonance imaging, VBM = voxel-based morphometry, ACC = anterior cingulate cortex, dmPFC,= dorsomedial prefrontal cortex, dlPFC = 
dorsolateral prefrontal cortex, IPL = inferior parietal lobule, IFG = inferior frontal gyrus, AI = anterior insula, rdACC = rostrodorsal anterior cingulate cortex , dmPFC =dorsomedial prefrontal 





participants well. The main findings from the study were that EF deficits, primarily 
response inhibition, sustained attention (in the context of a response inhibition task), 
and visuospatial working memory were found in the ADHD and the ASD+ADHD 
groups. ToM and FER deficits were found among individuals with ASD but this 
finding was IQ-dependent. Finally, no group effect was found in temporal reward 
discounting and cognitive flexibility.  
The third study in Chapter 4 used published neuroimaging data on fMRI 
studies of inhibition and structural VBM studies in ASD and ADHD. The study 
contrasted the inhibitory-related impairments and structural deficits among 
individuals with ASD or ADHD, each relative to typically developing controls, using a 
meta-analytic approach. A general linear model was employed to explore specific 
and shared neural underpinnings of the two conditions, controlling for IQ and sex 
differences across groups. Conjunctive analyses were carried out to find shared and 
specific abnormalities between the disorder groups, and multimodal analyses were 
carried out to find co-existing inhibitory impairments and structural deficits within 
groups. Confirmatory meta-analyses were conducted with subsets of samples 
matched in IQ, sex, and age. The major finding is that in terms of brain structure 
and function deficits, ASD and ADHD are mostly different disorders with relatively 
few shared brain structure and function abnormalities. The ASD group 
demonstrated specific neural impairments in wide-ranging regions implicated in 
salience monitoring, set-maintenance, attention, and reduced deactivation in the 
DMN region, i.e. ACC/dmPFC, dlPFC, IPL, and precuneus. The ADHD group 
displayed consistent impairments in the regions implicated in action stopping, i.e., 
right-hemispheric IFG. Structurally, the ASD group demonstrated GMV deficits in 
thalamus and enhanced GMV in PCC. People with ADHD display specific GMV 




small cluster in right IFG orbital part and AI during response inhibition. Shared 
reduced GMV was found in the rdACC/dmPFC and left precuneus.  
Study four in Chapter 5 was conducted on a subset of the young adults with 
ASD, ADHD, and ASD+ADHD, and controls whose neurocognitive data were 
reported in Chapter 3. Only data meeting the quality controls for MRI investigations 
were included in the study. The neural correlates of response inhibition, error 
monitoring, and sustained attention derived from several contrasting conditions 
during the performance of a modified stop-signal task performance were compared 
across groups using an exploratory whole-brain approach. The first main finding of 
this study was that individuals with ASD+ADHD had reduced activation in the left 
insula/IFG/STG/MTG and the right insula/IFG/thalamus/PHGy during error 
monitoring relative to the pure clinical and TD groups. The second finding was that 
both individuals in the ASD and the ASD+ADHD groups demonstrate reduced 
deactivation in the right precuneus during selective attention. The groups did not 
differ in the neural correlates of response inhibition. The group effects were robust 
after co-varying for IQ and when individuals with current medications were excluded 
from the analyses. The differences in neural activation from typical development 
were interpreted as neural impairments taking into accounts previous findings in 
individuals with ADHD, although the lack of behavioural impairments across groups 
somewhat constrained further interpretation. 
In the fifth study in Chapter 6, a comparison was conducted across groups of 
young adults with ASD, ADHD, and ASD+ADHD, and controls, in the 
neurofunctional activation related to duration discrimination using an exploratory 
whole-brain analysis approach. No group effects were observed across the four 
groups. Thus, pairwise comparisons were conducted between each disorder group 
against the typically developing controls. With the latter approach, reduced BOLD 




the right IFG/dlPFC/pre-CG. The pure groups did not differ from controls when 
compared pairwise. The difference was robust to covarying for IQ and it remained 
when individuals with medications were excluded from the analyses. The findings 
suggested that the ASD+ADHD group was neurally impaired in right IFG/dlPFC/pre-
CG. Again, the interpretation of these findings is constrained by the fact that no 
significant behavioural impairment was observed across the four groups of 
participants, although pairwise comparison between the ASD+ADHD and the TD 
group suggested trend-level increased error during time discrimination condition. 
 Discussion of Primary Findings 
 Increased EF but Not SC Deficits Is Associated with ADHD Symptoms in 
ASD 
Greater EF deficits were found to be associated with increased ADHD symptoms in 
the ASD population. These findings were consistent with the results of previous 
group comparison studies in EF involving individuals with ASD, ADHD and 
ASD+ADHD (e.g. Adamo et al., 2014; Andersen et al., 2013; Buehler et al., 2011; 
Corbett, Constantine, et al., 2009; Sinzig, Morsch, Bruning, et al., 2008; Yerys et al., 
2009). The causal nature of the relationship, that is, whether the increase of EF 
deficits leads to increased ADHD symptoms or the other way around, cannot be 
determined from the available data and study design. However, I have shown in in 
this thesis that increased EF deficits was associated with ADHD symptoms, and 
conversely increased ADHD symptoms was associated with poorer EF. That is, in 
Chapter 2, following the model of neurocognitive function as an intermediate 
phenotype for behavioural symptoms, an increase of EF impairment and not SC 
deficits predicted the increase of ADHD symptoms among adolescents with ASD. 
Conversely, by grouping participants by their diagnoses, I have shown in Chapter 3 




with pure ASD. The ASD+ADHD group had equivalent deficits as those with ADHD 
in response inhibition, sustained attention (with concurrent inhibitory load), and 
working memory but were better at FER and ToM than those with ASD alone. The 
latter finding reinforces the idea that the addition of ADHD symptoms in ASD is 
specifically associated with EF but not SC deficits in the ASD population.  
 Neurocognitive Phenocopy: Individuals with ASD Had Largely Different 
Neural Correlates from ADHD in a Meta-analysis of Inhibitory Control 
Functions  
The brain abnormalities underlying ASD and ADHD largely differed with few shared 
impairments.  In the context of inhibition functions alone, the findings suggest that 
unlike in ADHD, the inhibitory performance in individuals with ASD is underpinned 
by an array of neural functions largely unrelated to action stopping. This finding has 
an important implication in the model of comorbidity between ASD and ADHD. It 
suggests that the apparent inhibitory difficulties in ASD are partly attributable to 
neurocognitive phenocopy. This interpretation fits the previous meta-analytic 
findings showing that response inhibition difficulties among individuals with ASD are 
more heterogeneous than those in ADHD (e.g. Geurts, van den Bergh, et al., 2014; 
Kuiper et al., 2016; Lijffijt et al., 2005; Lipszyc & Schachar, 2010). Some studies 
report increased ADHD symptoms among groups of individuals with pure ASD on 
questionnaire measures compared to controls although they did not receive ADHD 
diagnoses (e.g. Happé, Booth, et al., 2006; Sinzig, Morsch, Bruning, et al., 2008; 
Tye, Asherson, et al., 2014). It is thus reasonable to assume that some individuals 
with ASD also demonstrate symptoms of ADHD to the degree that they are meeting 
the diagnostic criteria for the latter. A phenocopy at symptom levels may be one 
explanation as to why psychostimulant use among children with ASD is not as 




ADHD (Harfterkamp et al., 2012; Pearson et al., 2013; Posey et al., 2007; RUPP 
Autism Network, 2005).  
 The Right IFG During Error-monitoring and Duration Discrimination in 
ASD+ADHD 
The neurocognitive studies in Chapters 2 and 3 have shown similar profile of EF 
impairments in those with ASD+ADHD and those with ADHD alone. These findings 
suggest that the two conditions might share a common neural underpinning. Among 
the findings presented in the meta-analysis Chapter 4 is the shared under-activation 
in the right insula/IFG between groups of individuals with ASD and with ADHD 
during response inhibition. One interpretation of this finding is that a small part of 
the neuropathology is shared between two otherwise very different conditions. 
However, cross-disorder traits among the ADHD and the ASD samples in most 
neuroimaging studies were inadequately controlled. Thus, it is also plausible that 
the shared neuropathology in the right IFG found in the meta-analysis in Chapter 4 
reflects a proportion of individuals meeting the criteria for both ASD and ADHD in 
the samples. Interestingly reduced activations in the bilateral IFG/insula and the 
thalamus during error monitoring, and in the right IFG/dlPFC during duration 
discrimination were found among young adults with ASD+ADHD in Chapters 5 and 
6. Both findings point towards the right IFG as a possible underpinning for executive 
function deficits among individuals with ASD+ADHD. This supports the conjecture 
that the overlapping ASD and ADHD neuropathology in the right IFG in the meta-
analysis could indeed reflect a subpopulation of individuals meeting the criteria for 
both conditions. 
 The right IFG is a predominant region for cognitive control (Aron et al., 2014; 
Cai et al., 2014; Criaud & Boulinguez, 2013; B. J. Levy & Wagner, 2011) and 




The region, as well as its homologue on the left hemisphere, is mostly consistently 
under-activated among children with ADHD during stopping, error monitoring, target 
detection and timing (e.g. Cubillo et al., 2012; Hart et al., 2012, 2013; Plessen et al., 
2016; Rubia, Halari, Mohammad, et al., 2011; Rubia et al., 2005; Smith et al., 2013). 
Its reduced activation among adults with ASD+ADHD is thus an interesting finding 
in this thesis. The right IFG is one of the primary target regions for MPH among 
boys with ADHD (Rubia et al., 2014). Upon administration of MPH, clusters of the 
right IFG/insula/striatum are typically up-modulated in boys with ADHD (Rubia et al., 
2014). Given the similar pattern of neural impairment in adults with ASD+ADHD in 
the present thesis and children with ADHD as found in the previous literature, one 
pertinent question is whether the impairments in the right IFG/insula in adults with 
ASD+ADHD constitute a more persistent pattern of the same impairment of younger 
ADHD population. It would be interesting to know if the impairment is reversible with 
psychostimulant use and if IFG under-activation can distinguish treatment 
responders from non-responders among individuals with the dual diagnoses of 
ASD+ADHD.  
 Shared DMN impairments in the ASD and ASD+ADHD 
As found in Chapter 4, reduced precuneus suppression was found specific to ASD 
relative to the ADHD during inhibition. In line with this finding, young adults with 
ASD and ASD+ADHD were found to share increased activation in the precuneus, 
i.e., the DMN, during selective attention in Chapter 5. This is an interesting finding 
as enhanced activation in the precuneus have been thought to be reflect attentional 
lapses or internally directed cognitive activities (Christakou et al., 2013; Cubillo et 
al., 2012; Hart et al., 2012; Kennedy et al., 2006; Rubia, Smith, Halari, et al., 2009). 
The absence of impairments in the ADHD group and the shared impairments in the 
precuneus in the ASD and ASD+ADHD groups point towards a possible additive 




however, that the absence of precuneus over-activation in the ADHD group was 
unexpected given the previous findings of shared task-related reduced DMN 
suppression in children with ASD and ADHD (Chantiluke, Barrett, Giampietro, 
Brammer, Simmons, Murphy, et al., 2015; Christakou et al., 2013) and the reduced 
precuneus functional connectivity in children with ASD, ADHD and ASD+ADHD (Di 
Martino et al., 2013). As I have pointed out in Chapter 5, recent literature has shown 
that under specific conditions such as rest-to-task switching and optimum task 
challenge adults with ADHD do not display reduced precuneus deactivation (Metin 
et al., 2015; Sidlauskaite et al., 2016). Therefore, both age and task condition could 
be confounding factors for the present results that should be further explored.  
 Further Questions Based on the Present Findings 
 Adults with ASD+ADHD: More Severe Persistent Impairments or Delayed 
Maturation? 
Individuals with ASD+ADHD in this study exhibited the most detectable frontostriatal 
impairments during time estimation and error monitoring compared to the pure 
groups. Whether this finding also suggested that individuals with ASD+ADHD were 
more impaired than the other clinical groups during error monitoring, inhibition, 
selective attention and timing discrimination was still an open question as the 
behavioural data showed little evidence for impaired performance during each task. 
However, this interpretation is consistent with a previous finding on the comorbid 
group in children (Chantiluke et al., 2014). Furthermore, the neural impairments 
bore a close resemblance to those found during EF studies in children with ADHD 
and they were consistent with neuropsychological findings that have shown that 
individuals with ASD+ADHD have the most impairments during cool EF tasks such 
as working memory and the GNG tasks shown in Chapter 3. Finally, the 




and ADHD among adults (Hartman et al., 2016), which in turn suggests that those 
retaining dual diagnoses of ASD+ADHD in adulthood might represent individuals 
with a more persistent impairment. 
 
 Given the close resemblance of the neural impairments found in the 
ASD+ADHD group to those in children with ADHD, I have posed a speculative 
interpretation in Chapter 5-6 that the neurofunctional impairment findings in the 
ASD+ADHD group relative to the pure groups may be an expression of an extended 
maturational delay in the former. Age-related functional activation changes have 
Figure 7-1: Possible mechanisms for the co-occurrence of ADHD symptoms in ASD  
 
Note. Several pathways to co-occurring ADHD symptoms in ASD are shown in thick lines: (1) phenocopy, applicable to response 
inhibition deficits across ages in some individuals with ASD (2) additive, appear to be shared in ASD and ASD+ADHD in adulthood 
this manifests as reduced deactivation of the DMN; (3) persistence of ADHD-related difficulties which is apparent in error monitoring 
and time discrimination among adults with ASD+ADHD. Blue symbols represent ASD-related abnormal brain conditions, cognitive 
impairments, and behavioural symptoms, navy blue symbols represent ASD+ADHD, and light blue symbols represent ADHD. 
Overlapping areas indicate co-existing impairments. Thick lines indicate the possible pathways towards disorder that has been 
explored in this study. Dotted lines indicate possible pathways that have not been explored in this thesis. Abbreviations: GMV = grey 
matter volume, Th = thalamus, BOLD = blood-oxygen level dependent, ACC/mPFC = anterior cingulate cortex/medial prefrontal 
cortex, L/R= left/right, dlPFC = dorsolateral prefrontal cortex, PHGy = parahippocampal gyrus, FFG = fusiform gyrus, IPL = inferior 
parietal lobe, PMC = premotor cortex, PC = precuneus, IOG = inferior occipital gyrus, IFG = inferior frontal gyrus, AI = anterior 
insula, PCC = posterior cingulate gyrus, SRT = self-referential thoughts, EM = error monitoring, TD = time discrimination, RI = 




been shown during duration discrimination, temporal discounting and error 
monitoring (Christakou et al., 2011; Rubia, 2007; Smith et al., 2011). Given that 
frontal regions such as the IFG, dlPFC structurally and functionally develop until 
mid-adulthood (Sowell, Peterson, et al., 2003, Rubia et al., 2013), these regions are 
probably more vulnerable to developmental delay (C. M. Murphy et al., 2014). 
Clinical evidence has also shown that people with ASD+ADHD has more severe 
difficulties in reigning externalising behaviours such as tantrum, delinquency and 
aggressiveness compared to an age-matched ADHD group (Goldin et al., 2013; 
Jang et al., 2013) or with ASD alone (F. Craig et al., 2015; Holtmann et al., 2007; 
Jang et al., 2013; Yerys et al., 2009). Further, individuals with ASD+ADHD also 
demonstrated poorer adaptive daily living skills than the pure groups (Rao & Landa, 
2014; Sikora et al., 2012; Yerys et al., 2009), in some cases less than expected 
from the level of their cognitive ability (Ashwood et al., 2015).  The speculative 
interpretation of delayed maturation could be further investigated in a wider age-
range samples.     
 Moderated Neurocognitive Difficulties in the ASD+ADHD group: Variation 
of the Pure Groups or Cross-Disorder Interaction? 
This question was based on several neurocognitive observations. First, individuals 
with ASD+ADHD appeared as impaired as individuals in the ADHD group on the 
sustained attention index of the GNG task but demonstrated performance in the 
same level as the ASD group on the sustained attention index of the CPT-AX task. 
Second, individuals with ASD+ADHD appear to consistently show a level of SC 
performance in between the TD group and the ASD group. As we have discussed in 
Chapter 3, one explanation for these findings might be that certain autistic or ADHD 
traits may down-moderate the neurocognitive phenotype of the counterpart group. 
Past studies have shown that children with ASD showed few difficulties in sustaining 




CPT-AX task (e.g., Bogte et al., 2009; G. Goldstein et al., 2001; Pascualvaca et al., 
1998), and both fMRI and behavioural studies have suggested a degree of sensory 
hypersensitivity in a substantial proportion of individuals with ASD (e.g., Cléry et al., 
2013; Gomot et al., 2008; Jones et al., 2009; Karhson & Golob, 2016), which may 
support them in rare target detection tasks such as the CPT-AX. Interestingly, a 
recent clinical study suggests that individuals with HFA with ADHD demonstrate 
significantly less symptom of “careless mistakes”, which is typically related to 
working with details compared to individuals with ADHD alone (Joshi et al., 2014).  
 Similarly, the FER and ToM task performance among individuals with 
ASD+ADHD might also be a result of down-moderated autistic deficit by the ADHD 
traits. The reduced FER and ToM difficulties seen in the ASD+ADHD group relative 
to the ASD group cannot be explained by IQ, which did not differ between the two 
groups. Evidence suggests that individuals with ADHD have greater receptiveness 
to social influences than those with ASD alone. Among school-age children those 
with ADHD use more social context, nonverbal communication, and had better 
social relationship quality than those with ASD (Geurts & Embrechts, 2008). In 
addition, increased social motivation was associated with significantly improved 
performance of cognitive interference task among school-age children with ADHD 
but not those with ASD (Geurts, Luman, & van Meel, 2008). Supporting these 
behavioural findings, imaging studies have shown that boys with ADHD alone 
demonstrated specific increase of ventral striatum activation to both monetary and 
social rewards relative to an apparently blunted response in the region in age- and 
IQ-matched boys with ASD (Kohls et al., 2014). Complementing this finding, 
increased severity of combined autistic-like symptoms of reduced social interest, 
social understanding, stereotypy and resistance to change among approximately 
240 children, adolescents, and adults with ADHD was negatively correlated with left 




 School-aged children with a diagnosis of ADHD, who were also referred to 
the ASD clinic due to presenting ASD traits, were found difficult to differentiate from 
verbally fluent age-matched children ASD. However, these children displayed a 
greater amount of social overtures, reciprocal social communication, socially 
directed facial expressions, and reduced unusual eye gaze (Grzadzinski et al., 
2016). In addition, an unpublished study based on the Dutch Sample of Children 
and Adolescents (Scheres et al., 2001) with ASD, HKD, and ASD+HKD and 
controls showed that co-occurring HKD in the ASD population was associated with 
increased verbal fluency (Santosh, 2009). A previous study by Salley et al. (2015) 
indicated that individuals with ASD+ADHD and ASD are differentiated from those 
with ADHD alone and TD controls in the global score of social interaction and 
communication, although examining the domain scores, it appears that individuals 
with pure ASD consistently demonstrate higher average scores of difficulties than 
those with ASD+ADHD, in the domain social interaction, communication, 
stereotyped behaviour and creativity/play.  
Whether children with ASD+ADHD might have similar social leanings to those 
of children with pure ADHD, which can help them develop social relationships and 
social cognition in adulthood is an interesting question to be researched further. To 
answer this question, we may start by comparing the social difficulties of these 
groups at symptoms levels to see if there are social abilities that are spared among 
individuals with ASD+ADHD. Only longitudinal studies however would be equipped 





 Strengths and Limitations of the Thesis 
 Strengths 
A strength of the thesis is the use of several data sources for investigating the 
research topic, which allows it to be examined from different perspectives. The 
perspective of neurocognitive phenotypes and their relationships with behavioural 
symptoms such as those explored in Chapter 2 allow modelling of specific 
associations among EF and ToM with ASD and ADHD symptoms exclusively 
among individuals with ASD. The group comparison study widens the modelling 
approach by investigating a variety of cognitive functions, and not just the 
underlying EF, among diagnostically classified young adults with ASD, ADHD and 
ASD+ADHD. Meta-analysis studies have generated meaningful results for finding 
the similarities or differences in the neural underpinnings of several psychiatric 
disorders, including ASD, ADHD, developmental dyslexia, and schizophrenia (e.g. 
Norman et al., 2016; Stoodley, 2014; Sugranyes, Kyriakopoulos, Corrigall, Taylor, & 
Frangou, 2011). Its use in this thesis certainly gives additional insights into the 
phenocopy mechanism that might underlie the response inhibition difficulties among 
individuals with ASD. The fMRI methodology was particularly useful for assessing 
the differences between groups as has been demonstrated in several studies of 
children with neurodevelopmental conditions (e.g. Chantiluke et al., 2014; 
Christakou et al., 2013; Kohls et al., 2014) and combining this approach with 
neurocognitive approaches as has been done in this study facilitate a more critical 
appraisal of the fMRI findings.  
 Several other strengths of the study have been discussed in the previous 
chapters and will be reviewed here briefly. The inclusion of all male participants 
enhanced the homogeneity of subjects across groups, as well as the inclusion non-




those individuals on current medication. Handedness was balanced across groups, 
although the inclusion of only right-handed subjects was not possible in the study. 
The fMRI investigations carried out for this thesis were among the few fMRI studies 
that investigate the co-occurrence of ASD and ADHD symptoms (e.g., Chantiluke et 
al., 2014; Di Martino et al., 2013) by contrasting individuals with ASD+ADHD 
against multiple comparators including the pure groups, who were well-defined 
diagnostically. The study is useful for disentangling the specific neural impairments 
related each disorder category, as well as neural impairments shared between the 
dual-diagnostic category and each pure condition, which can elucidate the 
mechanism underlying the co-occurrence of these disorders (Banaschewski et al., 
2007). 
 Limitations 
Several limitations in the studies reported in this thesis were a direct consequence 
of investigating the adult population.  Both fMRI studies conducted in the present 
thesis detected little or no differences between the pure ASD and ADHD group 
relative to the healthy controls, which led to difficulties in interpreting the mechanism 
underpinning the comorbidity of ASD and ADHD. FMRI studies in adults with ADHD 
have yielded findings that are lower in effect size and more heterogeneous across 
studies (Cubillo & Rubia, 2010). Studies in adults will be affected by age-dependent 
changes in the disorder’s form, for instance, reduced symptoms of hyperactivity and 
impulsivity in adults ADHD (Biederman et al., 2000; Faraone et al., 2005; J. Hill & 
Schoener, 1996). Age-dependent changes of brain structure and function in people 
with ASD (e.g. H. Y. Lin et al., 2015; C. M. Murphy et al., 2014) also reduce the 
comparability of brain findings in children and adults.   
Mixed medication history among individuals with ASD (e.g. Esbensen et al., 




psychostimulant medication in ADHD (e.g. Hart et al., 2013; Konrad, Neufang, Fink, 
& Herpetz-Dahlmann, 2007; Sheridan, Hinshaw, & D’Esposito, 2010) could be 
another source of heterogeneity in the samples and the lack of information about 
past treatment history was a limitation to the study. Increased variety of additional 
problems in adulthood such as conduct problems, antisocial personality, anxiety, 
and substance abuse disorders such as those found among individuals with ADHD 
(Biederman et al., 1993; Kessler et al., 2006; Molina & Pelham, 2014). People with 
additional problems would not be present in the clinical groups in substantial 
numbers due the imposed exclusionary criteria for the study and the phone 
screening that took place prior to inviting people to the study. However, increased 
difficulties in affect and behaviour observed among the clinical groups relative to 
controls on the SDQ17+, whether they indicate additional psychiatric difficulties or 
related to the typical ASD and ADHD presentation and to what extent they were 
clinically significant were unknown in this study. Future studies in adults should 
collect information about treatment history and should carry out in-depth 
assessment of psychiatric assessments to control any additional co-occurring 
problems in the clinical groups.   
Improvement can be made with respect to measures, especially in those 
studies that generated novel data. The selection of measures was directed by the 
literature in ASD and ADHD, which is predominantly in childhood. The few available 
studies comparing individuals with ASD with ADHD, especially in adulthood, did limit 
the scope of measures to select from. Concerning trait measures, the SRS appears 
limited in its capacity to differentiate adults with ASD from those with ADHD. 
Previous studies suggest that the SRS had good specificity and sensitivity for 
differentiating children and adults with ASD from other clinical groups and typically 
developing controls (Bölte, 2012; Bölte, Poustka, & Constantino, 2008). However 




among children with non-ASD behaviour problems, including those with ADHD (e.g. 
Hus et al., 2013; Moul et al., 2015; Unterrainer et al., 2015). Even gold-standard 
measure such as ADOS and ADI-R do not always differentiate verbally fluent 
children with ASD from those with ADHD on every item levels (Grzadzinski et al., 
2016). In this thesis, autistic trait measures have been used in secondary analyses 
to assess the relationships between neurocognitive performance and neuroimaging 
clusters were correlated with autism severity. The lack of significant findings may 
indicate true absence of relationship. However, the findings can also reflect the 
measure’s lack of validity to index autistic severity among the clinical groups 
investigated. The use of additional measures such as the SCQ for indexing autism 
trait severity should be considered in future studies. 
The selection of neurocognitive measures especially those applied in the 
MRI scanner is crucial for differentiating the three clinical groups. The stop-signal 
and duration discrimination task has been used consistently in previous clinical 
studies, particularly in the paediatric ADHD population (e.g. Chantiluke, Barrett, 
Giampietro, Santosh, Brammer, Simmons, et al., 2015; Cubillo et al., 2014; Rubia, 
Halari, Cubillo, et al., 2011). The stop-signal task is particularly elegant in its design, 
given its capacity to adjust its level of difficulties by tracking the participants’ 
performance and keeping it at a specific level (e.g., Cubillo et al., 2014; Ray Li, 
2006; Rubia et al., 2003). In contrast, the duration discrimination task was set at a 
fixed difficulty level, which may not be suitable for different age groups. In this 
regard, the stop-signal task is thus a more sensitive tool for investigating neural 
impairments than the duration discrimination task. Nevertheless, the differing 
conclusion regarding which clinical group demonstrate response inhibition 
difficulties based on the neurocognitive study in Chapter 3, i.e. both the ASD+ADHD 
and the ADHD groups, and the neuroimaging studies in Chapter 5, i.e., the 




detecting group differences in these samples, despite some findings of neural 
impairments in adults with ADHD using this task (Cubillo et al., 2010). The stop-
signal task employed in Chapter 5 was approximately twice slower than the GNG 
task. It is possible that the relatively slower rate of stimulus presentation in the stop-
signal renders it to be less effective at prepotentiating responses in the participants 
with adult ADHD or it may allow the participants to adopt a variation of strategies 
during the task beyond simply overriding planned action (see Verbruggen & Logan, 
2009b). Conducting pre-scanning behavioural studies of a range of tasks, including 
those developed for scanning purposes out-of-scanner environment may be 
advisable in future fMRI studies in this topic.   
     
 Implications and Future Directions 
Increased ADHD symptoms among individuals with ASD have been observed for 
nearly two decades, and only relatively recently researchers have attempted to 
investigate the biological underpinning of the co-occurrence of these conditions. 
Through this thesis, I have found that the co-occurrence of ADHD in the ASD 
population can be explained by several pathways that could results in several 
subpopulations of individuals with ASD+ADHD diagnosis with different 
characteristics. One of these pathways might be neurocognitive phenocopy, where 
individuals with ASD might have additional ADHD symptomatology due to a wide 
range of neurofunctional abnormalities unrelated to action stopping which however 
impair their performance on a response inhibition task. The second pathway is 
where adults with ASD+ADHD may have persisting impairments in the right IFG, a 
key region of action stopping consistently implicated in children and adolescents 




the ASD groups which could indicate that impairments in the ASD+ADHD group in 
adulthood could be additive abnormalities of the pure groups. 
Undoubtedly more studies in this topic are necessary to support the current 
conclusions. Replications of the present studies with carefully selected tasks and 
measures known to be sensitive to the adult populations would be recommended. 
Furthermore, fMRI studies can be completed in younger age groups, particularly in 
children and adolescents where cases of co-occurring symptoms appear to peak 
across the lifespan (Hartman et al., 2016). As advocated in Chapter 2, the use of 
multi-measure and multi-informant approach is advisable in this population group. 
Increasing the variety of cognitive domains to include working memory and 
sustained attention will give a fuller picture of the neural underpinning of ADHD 
symptoms in the ASD population. Therefore, expanding the scope of the study to 
include tasks in these domains would be a good strategy to further clarify the 
neurocognitive characteristics of ADHD symptoms in ASD and their neural 
correlates. Finally, given that the co-occurring symptoms of ASD and ADHD appear 
to change across the life span, future studies may attempt to investigate this topic in 
wider age ranges of participants with ASD, ADHD, and their co-occurring form. 
Such study will allow age-dependent changes to be investigated in all three clinical 










Abell, F., Krams, M., Ashburner, J., Passingham, R., Friston, K., Frackowiak, R., … Frith, U. 
(1999). The neuroanatomy of autism: a voxel-based whole brain analysis of 
structural scans. Neuroreport, 10(8), 1647–1651. 
Achenbach, T. M., & Rescorla, L. (2001). Manual for the ASEBA school-age forms & 
profiles: an integrated system of multi-informant assessment. Burlington, VT: 
ASEBA. 
Adamo, N., Huo, L., Adelsberg, S., Petkova, E., Castellanos, F. X., & Di Martino, A. (2014). 
Response time intra-subject variability: commonalities between children with autism 
spectrum disorders and children with ADHD. European Child & Adolescent 
Psychiatry, 23(2), 69–79. https://doi.org/10.1007/s00787-013-0428-4 
Adler, L. A., Dirks, B., Deas, P., Raychaudhuri, A., Dauphin, M., Saylor, K., & Weisler, R. 
(2013). Self-Reported quality of life in adults with attention-deficit/hyperactivity 
disorder and executive function impairment treated with lisdexamfetamine 
dimesylate: a randomized, double-blind, multicenter, placebo-controlled, parallel-
group study. BMC Psychiatry, 13(1). https://doi.org/10.1186/1471-244X-13-253 
Adolphs, R. (1999). Social cognition and the human brain. Trends in Cognitive Sciences, 
3(12), 469–479. 
Advokat, C., Lane, S. M., & Luo, C. (2011). College Students With and Without ADHD: 
Comparison of Self-Report of Medication Usage, Study Habits, and Academic 
Achievement. Journal of Attention Disorders, 15(8), 656–666. 
https://doi.org/10.1177/1087054710371168 
Ahrendts, J., Rüsch, N., Wilke, M., Philipsen, A., Eickhoff, S. B., Glauche, V., … Tebartz Van 
Elst, L. (2011). Visual cortex abnormalities in adults with ADHD: A structural MRI 
study. World Journal of Biological Psychiatry, 12(4), 260–270. 
https://doi.org/10.3109/15622975.2010.518624 
Aichert, D. S., Wöstmann, N. M., Costa, A., Macare, C., Wenig, J. R., Möller, H.-J., … 
Ettinger, U. (2012). Associations between trait impulsivity and prepotent response 
inhibition. Journal of Clinical and Experimental Neuropsychology, 34(10), 1016–
1032. https://doi.org/10.1080/13803395.2012.706261 
Albrecht, B., Uebel-von Sandersleben, H., Wiedmann, K., & Rothenberger, A. (2015). ADHD 
History of the Concept: the Case of the Continuous Performance Test. Current 
Developmental Disorders Reports, 2(1), 10–22. https://doi.org/10.1007/s40474-014-
0035-1 
Alderson, R. M., Kasper, L. J., Hudec, K. L., & Patros, C. H. (2013). Attention-
deficit/hyperactivity disorder (ADHD) and working memory in adults: a meta-analytic 
review. Neuropsychology, 27(3), 287–302. https://doi.org/10.1037/a0032371 
Alderson, R. M., Rapport, M. D., & Kofler, M. J. (2007). Attention-deficit/hyperactivity 
disorder and behavioral inhibition: a meta-analytic review of the stop-signal 
paradigm. Journal of Abnormal Child Psychology, 35(5), 745–758. 
https://doi.org/10.1007/s10802-007-9131-6 
Alegria, A. A., Radua, J., & Rubia, K. (2016). Meta-Analysis of fMRI Studies of Disruptive 
Behavior Disorders. The American Journal of Psychiatry, appiajp201615081089. 
https://doi.org/10.1176/appi.ajp.2016.15081089 
Allman, M. J., DeLeon, I. G., & Wearden, J. H. (2011). Psychophysical Assessment of 
Timing in Individuals With Autism. American Journal on Intellectual and 





Almeida Montes, L. G., Ricardo-Garcell, J., Barajas De la Torre, L., Prado Alcantara, H., 
Martinez Garcia, R. B., Avila Acosta, D., & Fernandez Bouzas, A. (2011). Cerebellar 
Gray Matter Density in Females With ADHD Combined Type: A Cross-Sectional 
Voxel-Based Morphometry Study. Journal of Attention Disorders, 15(5), 368–381. 
https://doi.org/10.1177/1087054710366421 
Amaral, D. G., Schumann, C. M., & Nordahl, C. W. (2008). Neuroanatomy of autism. Trends 
in Neurosciences, 31(3), 137–145. https://doi.org/10.1016/j.tins.2007.12.005 
Ambery, F. Z., Russell, A. J., Perry, K., Morris, R., & Murphy, D. G. M. (2006). 
Neuropsychological functioning in adults with Asperger syndrome. Autism, 10(6), 
551–564. https://doi.org/10.1177/1362361306068507 
Ambrosino, S., Bos, D. J., van Raalten, T. R., Kobussen, N. A., van Belle, J., Oranje, B., & 
Durston, S. (2014). Functional connectivity during cognitive control in children with 
autism spectrum disorder: an independent component analysis. Journal of Neural 
Transmission, 121(9), 1145–1155. https://doi.org/10.1007/s00702-014-1237-8 
Ames, C. S., & White, S. J. (2011). Brief Report: Are ADHD Traits Dissociable from the 
Autistic Profile? Links Between Cognition and Behaviour. Journal of Autism and 
Developmental Disorders, 41(3), 357–363. https://doi.org/10.1007/s10803-010-
1049-0 
Amico, F., Stauber, J., Koutsouleris, N., & Frodl, T. (2011). Anterior cingulate cortex gray 
matter abnormalities in adults with attention deficit hyperactivity disorder: A voxel-
based morphometry study. Psychiatry Research-Neuroimaging, 191(1), 31–35. 
https://doi.org/10.1016/j.pscychresns.2010.08.011 
Andersen, P. N., Hovik, K. T., Skogli, E. W., Egeland, J., & Øie, M. (2013). Symptoms of 
ADHD in Children with High-Functioning Autism Are Related to Impaired Verbal 
Working Memory and Verbal Delayed Recall. PLoS ONE, 8(5), e64842. 
https://doi.org/10.1371/journal.pone.0064842 
Angold, A., & Costello, E. J. (1995). A test-retest reliability study of child-reported psychiatric 
symptoms and diagnoses using the Child and Adolescent Psychiatric Assessment 
(CAPA-C). Psychological Medicine, 25(4), 755–762. 
Angold, A., & Costello, E. J. (2000). The Child and Adolescent Psychiatric Assessment 
(CAPA). Journal of the American Academy of Child and Adolescent Psychiatry, 
39(1), 39–48. https://doi.org/10.1097/00004583-200001000-00015 
Angold, A., Cox, A., Prendergast, M., Rutter, M., & Simonoff, E. (2009). The Young Adult 
Psychiatric Assessment (YAPA) Version 2.0.3. Duke University. 
Antshel, K. M., Faraone, S. V., Maglione, K., Doyle, A. E., Fried, R., Seidman, L. J., & 
Biederman, J. (2010). Executive functioning in high-IQ adults with ADHD. 
Psychological Medicine, 40(11), 1909–1918. 
https://doi.org/10.1017/S0033291709992273 
APA (Ed.). (2000). Diagnostic and statistical manual of mental disorders (DSM-IV-TR). 
Washington, DC: Authors. 
APA. (2013). Diagnostic and statistical manual of mental disorders: DSM-5 (5th ed). 
Washington, D.C: American Psychiatric Association. 
Arnsten, A. F. T., & Rubia, K. (2012). Neurobiological Circuits Regulating Attention, 
Cognitive Control, Motivation, and Emotion: Disruptions in Neurodevelopmental 
Psychiatric Disorders. Journal of the American Academy of Child & Adolescent 
Psychiatry, 51(4), 356–367. https://doi.org/10.1016/j.jaac.2012.01.008 
Aron, A. R. (2011). From Reactive to Proactive and Selective Control: Developing a Richer 
Model for Stopping Inappropriate Responses. Biological Psychiatry, 69(12), e55–
e68. https://doi.org/10.1016/j.biopsych.2010.07.024 
Aron, A. R., Fletcher, P. C., Bullmore, E. T., Sahakian, B. J., & Robbins, T. W. (2003). Stop-
signal inhibition disrupted by damage to right inferior frontal gyrus in humans. Nature 




Aron, A. R., & Poldrack, R. A. (2006). Cortical and subcortical contributions to Stop signal 
response inhibition: role of the subthalamic nucleus. The Journal of Neuroscience: 
The Official Journal of the Society for Neuroscience, 26(9), 2424–2433. 
https://doi.org/10.1523/JNEUROSCI.4682-05.2006 
Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2014). Inhibition and the right inferior frontal 
cortex: one decade on. Trends in Cognitive Sciences, 18(4), 177–185. 
https://doi.org/10.1016/j.tics.2013.12.003 
Asherson, P., Stes, S., Nilsson Markhed, M., Berggren, L., Svanborg, P., Kutzelnigg, A., & 
Deberdt, W. (2015). The effects of atomoxetine on emotional control in adults with 
ADHD: An integrated analysis of multicenter studies. European Psychiatry, 30(4), 
511–520. https://doi.org/10.1016/j.eurpsy.2014.12.002 
Ashwood, K. L., Tye, C., Azadi, B., Cartwright, S., Asherson, P., & Bolton, P. (2015). Brief 
Report: Adaptive Functioning in Children with ASD, ADHD and ASD + ADHD. 
Journal of Autism and Developmental Disorders, 45(7), 2235–2242. 
https://doi.org/10.1007/s10803-014-2352-y 
Baddeley, A. (2003). Working memory: looking back and looking forward. Nature Reviews 
Neuroscience, 4(10), 829–839. https://doi.org/10.1038/nrn1201 
Baird, G., Simonoff, E., Pickles, A., Chandler, S., Loucas, T., Meldrum, D., & Charman, T. 
(2006). Prevalence of disorders of the autism spectrum in a population cohort of 
children in South Thames: the Special Needs and Autism Project (SNAP). The 
Lancet, 368(9531), 210–215. https://doi.org/10.1016/S0140-6736(06)69041-7 
Baker, K. D., & Skuse, D. H. (2005). Adolescents and young adults with 22q11 deletion 
syndrome: psychopathology in an at-risk group. The British Journal of Psychiatry: 
The Journal of Mental Science, 186, 115–120. https://doi.org/10.1192/bjp.186.2.115 
Baldwin, S., Costley, D., & Warren, A. (2014). Employment Activities and Experiences of 
Adults with High-Functioning Autism and Asperger’s Disorder. Journal of Autism and 
Developmental Disorders, 44(10), 2440–2449. https://doi.org/10.1007/s10803-014-
2112-z 
Bálint, S., Czobor, P., Komlósi, S., Mészáros, A., Simon, V., & Bitter, I. (2009). Attention 
deficit hyperactivity disorder (ADHD): gender- and age-related differences in 
neurocognition. Psychological Medicine, 39(8), 1337–1345. 
https://doi.org/10.1017/S0033291708004236 
Banaschewski, T., Neale, B. M., Rothenberger, A., & Roessner, V. (2007). Comorbidity of tic 
disorders & ADHD: Conceptual and methodological considerations. European Child 
& Adolescent Psychiatry, 16(S1), 5–14. https://doi.org/10.1007/s00787-007-1002-8 
Banich, M. T. (2009). Executive Function: The Search for an Integrated Account. Current 
Directions in Psychological Science, 18(2), 89–94. https://doi.org/10.1111/j.1467-
8721.2009.01615.x 
Barendse, E. M., Hendriks, M. P., Jansen, J. F., Backes, W. H., Hofman, P. A., Thoonen, G., 
… Aldenkamp, A. P. (2013). Working memory deficits in high-functioning 
adolescents with autism spectrum disorders: neuropsychological and neuroimaging 
correlates. Journal of Neurodevelopmental Disorders, 5(1), 14. 
https://doi.org/10.1186/1866-1955-5-14 
Bari, A., & Robbins, T. W. (2013). Inhibition and impulsivity: Behavioral and neural basis of 
response control. Progress in Neurobiology, 108, 44–79. 
https://doi.org/10.1016/j.pneurobio.2013.06.005 
Baribeau, D. A., Doyle-Thomas, K. A. R., Dupuis, A., Iaboni, A., Crosbie, J., McGinn, H., … 
Anagnostou, E. (2015). Examining and Comparing Social Perception Abilities 
Across Childhood-Onset Neurodevelopmental Disorders. Journal of the American 
Academy of Child & Adolescent Psychiatry, 54(6), 479–486.e1. 
https://doi.org/10.1016/j.jaac.2015.03.016 
Barkley, R. A. (1997). Behavioral inhibition, sustained attention, and executive functions: 




Barkley, R. A. (2002). Major life activity and health outcomes associated with attention-
deficit/hyperactivity disorder. The Journal of Clinical Psychiatry, 63 Suppl 12, 10–15. 
Barkley, R. A. (2006). Attention-deficit hyperactivity disorder: a handbook for diagnosis and 
treatment (3rd ed). New York: Guilford Press. 
Barkley, R. A., Edwards, G., Laneri, M., Fletcher, K., & Metevia, L. (2001). Executive 
functioning, temporal discounting, and sense of time in adolescents with attention 
deficit hyperactivity disorder (ADHD) and oppositional defiant disorder (ODD). J 
Abnorm Child Psychol, 29(6), 541–56. 
Barkley, R. A., Murphy, K. R., & Bush, T. (2001). Time perception and reproduction in young 
adults with attention deficit hyperactivity disorder. Neuropsychology, 15(3), 351–360. 
https://doi.org/10.1037//0894-4105.15.3.351 
Barkley, R. A., Murphy, K. R., & Fischer, M. (2008). ADHD in adults: what the science says. 
New York: Guilford Press. 
Barnard, L., Muldoon, K., Hasan, R., O’Brien, G., & Stewart, M. (2008). Profiling executive 
dysfunction in adults with autism and comorbid learning disability. Autism, 12(2), 
125–141. https://doi.org/10.1177/1362361307088486 
Baron-Cohen, S. (1989). The autistic child’s theory of mind: a case of specific developmental 
delay. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 30(2), 
285–297. 
Baron-Cohen, S. (1992). Out of sight or out of mind? Another look at deception in autism. 
Journal of Child Psychology and Psychiatry, and Allied Disciplines, 33(7), 1141–
1155. 
Baron-Cohen, S., Jolliffe, T., Mortimore, C., & Robertson, M. (1997). Another advanced test 
of theory of mind: evidence from very high functioning adults with autism or asperger 
syndrome. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 38(7), 
813–822. 
Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a “theory of 
mind”? Cognition, 21(1), 37–46. 
Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb, I. (2001). The “Reading the 
Mind in the Eyes” Test revised version: a study with normal adults, and adults with 
Asperger syndrome or high-functioning autism. Journal of Child Psychology and 
Psychiatry, and Allied Disciplines, 42(2), 241–251. 
Bauermeister, J. J., Barkley, R. A., Martinez, J. V., Cumba, E., Ramirez, R. R., Reina, G., … 
Salas, C. C. (2005). Time estimation and performance on reproduction tasks in 
subtypes of children with attention deficit hyperactivity disorder. Journal of Clinical 
Child and Adolescent Psychology: The Official Journal for the Society of Clinical 
Child and Adolescent Psychology, American Psychological Association, Division 53, 
34(1), 151–162. https://doi.org/10.1207/s15374424jccp3401_14 
Baumann, O., Borra, R. J., Bower, J. M., Cullen, K. E., Habas, C., Ivry, R. B., … Sokolov, A. 
A. (2015). Consensus Paper: The Role of the Cerebellum in Perceptual Processes. 
The Cerebellum, 14(2), 197–220. https://doi.org/10.1007/s12311-014-0627-7 
Baumrind, D. (1966). Effects of Authoritative Parental Control on Child Behavior. Child 
Development, 37(4), 887. https://doi.org/10.2307/1126611 
Beacher, F. D., Minati, L., Baron-Cohen, S., Lombardo, M. V., Lai, M.-C., Gray, M. A., … 
Critchley, H. D. (2012). Autism Attenuates Sex Differences in Brain Structure: A 
Combined Voxel-Based Morphometry and Diffusion Tensor Imaging Study. 
American Journal of Neuroradiology, 33(1), 83–89. 
https://doi.org/10.3174/ajnr.A2880 
Beauregard, M., & Levesque, J. (2006). Functional magnetic resonance imaging 
investigation of the effects of neurofeedback training on the neural bases of 




deficit/hyperactivity disorder. Applied Psychophysiology and Biofeedback, 31(1), 3–
20. https://doi.org/10.1007/s10484-006-9001-y 
Bédard, A. V., Ickowicz, A., Logan, G. D., Hogg-Johnson, S., Schachar, R., & Tannock, R. 
(2003). Selective inhibition in children with attention-deficit hyperactivity disorder off 
and on stimulant medication. Journal of Abnormal Child Psychology, 31(3), 315–
327. 
Bédard, A. V., Schulz, K. P., Krone, B., Pedraza, J., Duhoux, S., Halperin, J. M., & Newcorn, 
J. H. (2015). Neural mechanisms underlying the therapeutic actions of guanfacine 
treatment in youth with ADHD: A pilot fMRI study. Psychiatry Research: 
Neuroimaging, 231(3), 353–356. 
https://doi.org/http://dx.doi.org/10.1016/j.pscychresns.2015.01.012 
Bédard, A. V., Trampush, J. W., Newcorn, J. H., & Halperin, J. M. (2010). Perceptual and 
motor inhibition in adolescents/young adults with childhood-diagnosed ADHD. 
Neuropsychology, 24(4), 424–434. https://doi.org/10.1037/a0018752 
Belle, J. van, Raalten, T. van, Bos, D. J., Zandbelt, B. B., Oranje, B., & Durston, S. (2015). 
Capturing the dynamics of response variability in the brain in {ADHD}. NeuroImage: 
Clinical, 7, 132–141. https://doi.org/http://dx.doi.org/10.1016/j.nicl.2014.11.014 
Bentler, P. M., & Bonett, D. G. (1980). Significance tests and goodness of fit in the analysis 
of covariance structures. Psychological Bulletin, 88(3), 588–606. 
https://doi.org/10.1037/0033-2909.88.3.588 
Berg, E. A. (1948). A simple objective technique for measuring flexibility in thinking. J Gen 
Psychol, 39, 15–22. https://doi.org/10.1080/00221309.1948.9918159 
Berger, I., Slobodin, O., Aboud, M., Melamed, J., & Cassuto, H. (2013). Maturational delay in 
ADHD: evidence from CPT. Frontiers in Human Neuroscience, 7. 
https://doi.org/10.3389/fnhum.2013.00691 
Bezdjian, S., Baker, L. A., Lozano, D. I., & Raine, A. (2009). Assessing inattention and 
impulsivity in children during the Go/NoGo task. British Journal of Developmental 
Psychology, 27(2), 365–383. https://doi.org/10.1348/026151008X314919 
Bhaijiwala, M., Chevrier, A., & Schachar, R. (2014). Withholding and canceling a response in 
ADHD adolescents. Brain and Behavior, 4(5), 602–614. 
https://doi.org/10.1002/brb3.244 
Bhatara, A., Babikian, T., Laugeson, E., Tachdjian, R., & Sininger, Y. S. (2013). Impaired 
Timing and Frequency Discrimination in High-functioning Autism Spectrum 
Disorders. Journal of Autism and Developmental Disorders, 43(10), 2312–2328. 
https://doi.org/10.1007/s10803-013-1778-y 
Bickel, W. K., Pitcock, J. A., Yi, R., & Angtuaco, E. J. C. (2009). Congruence of BOLD 
response across intertemporal choice conditions: fictive and real money gains and 
losses. The Journal of Neuroscience: The Official Journal of the Society for 
Neuroscience, 29(27), 8839–8846. https://doi.org/10.1523/JNEUROSCI.5319-
08.2009 
Biederman, J., Faraone, S. V., Spencer, T. J., Mick, E., Monuteaux, M. C., & Aleardi, M. 
(2006). Functional impairments in adults with self-reports of diagnosed ADHD: A 
controlled study of 1001 adults in the community. The Journal of Clinical Psychiatry, 
67(4), 524–540. 
Biederman, J., Faraone, S. V., Spencer, T., Wilens, T., Norman, D., Lapey, K. A., … Doyle, 
A. (1993). Patterns of psychiatric comorbidity, cognition, and psychosocial 
functioning in adults with attention deficit hyperactivity disorder. The American 
Journal of Psychiatry, 150(12), 1792–1798. https://doi.org/10.1176/ajp.150.12.1792 
Biederman, J., Mick, E., & Faraone, S. V. (2000). Age-dependent decline of symptoms of 
attention deficit hyperactivity disorder: impact of remission definition and symptom 





Biederman, J., Mick, E., Surman, C., Doyle, R., Hammerness, P., Kotarski, M., & Spencer, 
T. (2010). A Randomized, 3-Phase, 34-Week, Double-Blind, Long-Term Efficacy 
Study of Osmotic-Release Oral System-Methylphenidate in Adults With Attention-
Deficit/Hyperactivity Disorder: Journal of Clinical Psychopharmacology, 30(5), 549–
553. https://doi.org/10.1097/JCP.0b013e3181ee84a7 
Biederman, J., Petty, C., Fried, R., Fontanella, J., Doyle, A. E., Seidman, L. J., & Faraone, 
S. V. (2006). Impact of Psychometrically Defined Deficits of Executive Functioning in 
Adults With Attention Deficit Hyperactivity Disorder. American Journal of Psychiatry, 
163(10), 1730–1738. https://doi.org/10.1176/ajp.2006.163.10.1730 
Biederman, J., Petty, C. R., Ball, S. W., Fried, R., Doyle, A. E., Cohen, D., … Faraone, S. V. 
(2009). Are cognitive deficits in attention deficit/hyperactivity disorder related to the 
course of the disorder? A prospective controlled follow-up study of grown up boys 
with persistent and remitting course. Psychiatry Research, 170(2–3), 177–182. 
https://doi.org/10.1016/j.psychres.2008.09.010 
Biederman, J., Petty, C. R., Evans, M., Small, J., & Faraone, S. V. (2010). How persistent is 
ADHD? A controlled 10-year follow-up study of boys with ADHD. Psychiatry 
Research, 177(3), 299–304. https://doi.org/10.1016/j.psychres.2009.12.010 
Biederman, J., Petty, C. R., Fried, R., Doyle, A. E., Spencer, T., Seidman, L. J., … Faraone, 
S. V. (2007). Stability of executive function deficits into young adult years: a 
prospective longitudinal follow-up study of grown up males with ADHD. Acta 
Psychiatrica Scandinavica, 116(2), 129–136. https://doi.org/10.1111/j.1600-
0447.2007.01008.x 
Biederman, J., Petty, C. R., Woodworth, K. Y., Lomedico, A., Hyder, L. L., & Faraone, S. V. 
(2012). Adult outcome of attention-deficit/hyperactivity disorder: a controlled 16-year 
follow-up study. The Journal of Clinical Psychiatry, 73(7), 941–950. 
https://doi.org/10.4088/JCP.11m07529 
Billstedt, E., Gillberg, C., & Gillberg, C. (2005). Autism after Adolescence: Population-based 
13- to 22-year Follow-up Study of 120 Individuals with Autism Diagnosed in 
Childhood. Journal of Autism and Developmental Disorders, 35(3), 351–360. 
https://doi.org/10.1007/s10803-005-3302-5 
Blase, S. L., Gilbert, A. N., Anastopoulos, A. D., Costello, E. J., Hoyle, R. H., Swartzwelder, 
H. S., & Rabiner, D. L. (2009). Self-Reported ADHD and Adjustment in College: 
Cross-sectional and Longitudinal Findings. Journal of Attention Disorders, 13(3), 
297–309. https://doi.org/10.1177/1087054709334446 
Bledsoe, J., Semrud-Clikeman, M., & Pliszka, S. R. (2009). A Magnetic Resonance Imaging 
Study of the Cerebellar Vermis in Chronically Treated and Treatment-Naive Children 
with Attention-Deficit/Hyperactivity Disorder Combined Type. Biological Psychiatry, 
65(7), 620–624. https://doi.org/10.1016/j.biopsych.2008.11.030 
Bloom, P., & German, T. P. (2000). Two reasons to abandon the false belief task as a test of 
theory of mind. Cognition, 77(1), B25-31. 
Boddaert, N., Chabane, N., Gervais, H., Good, C. D., Bourgeois, M., Plumet, M.-H., … 
Zilbovicius, M. (2004). Superior temporal sulcus anatomical abnormalities in 
childhood autism: a voxel-based morphometry {MRI} study. NeuroImage, 23(1), 
364–369. https://doi.org/http://dx.doi.org/10.1016/j.neuroimage.2004.06.016 
Bodner, K. E., Beversdorf, D. Q., Saklayen, S. S., & Christ, S. E. (2012). Noradrenergic 
Moderation of Working Memory Impairments in Adults with Autism Spectrum 
Disorder. Journal of the International Neuropsychological Society, 18(3), 556–564. 
https://doi.org/10.1017/S1355617712000070 
Boehler, C. N., Appelbaum, L. G., Krebs, R. M., Hopf, J. M., & Woldorff, M. G. (2010). 
Pinning down response inhibition in the brain — Conjunction analyses of the Stop-





Bogte, H., Flamma, B., Van Der Meere, J., & Van Engeland, H. (2009). Divided attention 
capacity in adults with autism spectrum disorders and without intellectual disability. 
Autism, 13(3), 229–243. https://doi.org/10.1177/1362361309103793 
Bölte, S. (2012). Brief Report: The Social Responsiveness Scale for Adults (SRS-A): Initial 
Results in a German Cohort. Journal of Autism and Developmental Disorders, 42(9), 
1998–1999. https://doi.org/10.1007/s10803-011-1424-5 
Bölte, S., Poustka, F., & Constantino, J. N. (2008). Assessing autistic traits: cross-cultural 
validation of the social responsiveness scale (SRS). Autism Research, 1(6), 354–
363. https://doi.org/10.1002/aur.49 
Bonath, B., Tegelbeckers, J., Wilke, M., Flechtner, H.-H., & Krauel, K. (2016). Regional Gray 
Matter Volume Differences Between Adolescents With ADHD and Typically 
Developing Controls: Further Evidence for Anterior Cingulate Involvement. Journal 
of Attention Disorders. https://doi.org/10.1177/1087054715619682 
Bonilha, L., Cendes, F., Rorden, C., Eckert, M., Dalgalarrondo, P., Li, L. M., & Steiner, C. E. 
(2008). Gray and white matter imbalance - Typical structural abnormality underlying 
classic autism? Brain and Development, 30(6), 396–401. 
https://doi.org/10.1016/j.braindev.2007.11.006 
Bonnelle, V., Leech, R., Kinnunen, K. M., Ham, T. E., Beckmann, C. F., De Boissezon, X., 
… Sharp, D. J. (2011). Default Mode Network Connectivity Predicts Sustained 
Attention Deficits after Traumatic Brain Injury. Journal of Neuroscience, 31(38), 
13442–13451. https://doi.org/10.1523/JNEUROSCI.1163-11.2011 
Boonstra, A. M., Kooij, J. J. S., Oosterlaan, J., Sergeant, J. A., Buitelaar, J. K., & Van 
Someren, E. J. W. (2007). Hyperactive night and day? Actigraphy studies in adult 
ADHD: a baseline comparison and the effect of methylphenidate. Sleep, 30(4), 433–
442. 
Booth, J. R., Burman, D. D., Meyer, J. R., Lei, Z., Trommer, B. L., Davenport, N. D., … 
Mesulam, M. M. (2005). Larger deficits in brain networks for response inhibition than 
for visual selective attention in attention deficit hyperactivity disorder (ADHD). 
Journal of Child Psychology and Psychiatry, and Allied Disciplines, 46(1), 94–111. 
https://doi.org/10.1111/j.1469-7610.2004.00337.x 
Booth, R., Charlton, R., Hughes, C., & Happé, F. (2003). Disentangling weak coherence and 
executive dysfunction: planning drawing in autism and attention-deficit/hyperactivity 
disorder. Philosophical Transactions of the Royal Society B: Biological Sciences, 
358(1430), 387–392. https://doi.org/10.1098/rstb.2002.1204 
Bora, E., & Pantelis, C. (2015). Meta-analysis of social cognition in attention-
deficit/hyperactivity disorder (ADHD): comparison with healthy controls and autistic 
spectrum disorder. Psychological Medicine, 1–18. 
https://doi.org/10.1017/S0033291715002573 
Botvinick, M., Nystrom, L. E., Fissell, K., Carter, C. S., & Cohen, J. D. (1999). Conflict 
monitoring versus selection-for-action in anterior cingulate cortex. Nature, 
402(6758), 179–181. https://doi.org/10.1038/46035 
Bowler, D. M. (1992). “Theory of Mind” in Asperger’s Syndrome Dermot M. Bowler. Journal 
of Child Psychology and Psychiatry, 33(5), 877–893. https://doi.org/10.1111/j.1469-
7610.1992.tb01962.x 
Braet, W., Johnson, K. A., Tobin, C. T., Acheson, R., McDonnell, C., Hawi, Z., … Garavan, 
H. (2009). Increased fMRI activation during response inhibition, and decreased 
activation during error processing is associated with possession of the 10-repeat 
allele of the {DAT1} gene: a genetic imaging study investigating the role of the 
{DAT1} gene in Attention Deficit Hyperactivity disorder. NeuroImage, 47, 
Supplement 1, S161-. https://doi.org/http://dx.doi.org/10.1016/S1053-
8119(09)71700-8 
Bralten, J., Greven, C. U., Franke, B., Mennes, M., Zwiers, M. P., Rommelse, N. N. J., … 




differences in participants with ADHD and their unaffected siblings. Journal of 
Psychiatry & Neuroscience : JPN, 41(4), 272–279. 
Braver, T. S. (2001). Anterior Cingulate Cortex and Response Conflict: Effects of Frequency, 
Inhibition and Errors. Cerebral Cortex, 11(9), 825–836. 
https://doi.org/10.1093/cercor/11.9.825 
Brenner, L. A., Shih, V. H., Colich, N. L., Sugar, C. A., Bearden, C. E., & Dapretto, M. 
(2015). Time Reproduction Performance Is Associated With Age and Working 
Memory in High-Functioning Youth With Autism Spectrum Disorder: Autism and time 
reproduction. Autism Research, 8(1), 29–37. https://doi.org/10.1002/aur.1401 
Brent, E., Rios, P., Happé, F., & Charman, T. (2004). Performance of children with autism 
spectrum disorder on advanced theory of mind tasks. Autism, 8(3), 283–99. 
https://doi.org/10.1177/1362361304045217 
Brett, M., Anton, J.-L., Valabregue, R., & Poline, J.-B. (2002). Region of interest analysis 
using an SPM toolbox. In Neuroimage (Vol. 16). Sendai, Japan. 
Brieber, S., Neufang, S., Bruning, N., Kamp-Becker, I., Remschmidt, H., Herpertz-
Dahlmann, B., … KonradL, K. (2007). Structural brain abnormalities in adolescents 
with autism spectrum disorder and patients with attention deficit/hyperactivity 
disorder. Journal of Child Psychology and Psychiatry, 48(12), 1251–1258. 
https://doi.org/10.1111/j.1469-7610.2007.01799.x 
Brown, A. B., Biederman, J., Valera, E. M., Doyle, A. E., Bush, G., Spencer, T., … Seidman, 
L. J. (2010). Effect of Dopamine Transporter Gene (SLC6A3) Variation on Dorsal 
Anterior Cingulate Function in Attention-Deficit/Hyperactivity Disorder. American 
Journal of Medical Genetics Part B-Neuropsychiatric Genetics, 153B(2), 365–375. 
https://doi.org/10.1002/ajmg.b.31022 
Browne, M. W., & Cudeck, R. (1993). Alternative ways of assessing model fit. In K. A. Bollen 
& J. S. Long (Eds.), Testing Structural Equation Models (pp. 136–162). Newburry 
Park, CA: Sage. 
Brunsdon, V. E., & Happé, F. (2014). Exploring the “fractionation” of autism at the cognitive 
level. Autism, 18(1), 17–30. https://doi.org/10.1177/1362361313499456 
Buehler, E., Bachmann, C., Goyert, H., Heinzel-Gutenbrunner, M., & Kamp-Becker, I. 
(2011). Differential Diagnosis of Autism Spectrum Disorder and Attention Deficit 
Hyperactivity Disorder by Means of Inhibitory Control and “Theory of Mind.” J Autism 
Dev Disord, 41(12), 1718–1726. https://doi.org/10.1007/s10803-011-1205-1 
Buhusi, C. V., & Meck, W. H. (2005). What makes us tick? Functional and neural 
mechanisms of interval timing. Nature Reviews Neuroscience, 6(10), 755–765. 
https://doi.org/10.1038/nrn1764 
Buitelaar, J. K., van der Wees, M., Swaab-Barneveld, H., & van der Gaag, R. J. (1999a). 
Theory of mind and emotion-recognition functioning in autistic spectrum disorders 
and in psychiatric control and normal children. Development and Psychopathology, 
11(1), 39–58. 
Buitelaar, J. K., van der Wees, M., Swaab-Barneveld, H., & van der Gaag, R. J. (1999b). 
Verbal memory and Performance IQ predict theory of mind and emotion recognition 
ability in children with autistic spectrum disorders and in psychiatric control children. 
J Child Psychol Psychiatry, 40(6), 869–81. 
Bulgarelli, D., Testa, S., & Molina, P. (2015). Factorial structure of the “ToM Storybooks”: A 
test evaluating multiple components of Theory of Mind. British Journal of 
Developmental Psychology, 33(2), 187–202. https://doi.org/10.1111/bjdp.12062 
Burgess, G. C., Depue, B. E., Ruzic, L., Willcutt, E. G., Du, Y. P., & Banich, M. T. (2010). 
Attentional Control Activation Relates to Working Memory in Attention-





Bush, G., Frazier, J. A., Rauch, S. L., Seidman, L. J., Whalen, P. J., Jenike, M. A., … 
Biederman, J. (1999). Anterior cingulate cortex dysfunction in attention-
deficit/hyperactivity disorder revealed by fMRI and the Counting Stroop. Biological 
Psychiatry, 45(12), 1542–1552. 
Bush, G., Holmes, J., Shin, L. M., Surman, C., Makris, N., Mick, E., … Biederman, J. (2013). 
Atomoxetine increases fronto-parietal functional MRI activation in attention-
deficit/hyperactivity disorder: A pilot study. Psychiatry Research-Neuroimaging, 
211(1), 88–91. https://doi.org/10.1016/j.pscychresns.2012.09.004 
Bush, G., Luu,  null, & Posner,  null. (2000). Cognitive and emotional influences in anterior 
cingulate cortex. Trends in Cognitive Sciences, 4(6), 215–222. 
Bush, G., Spencer, T. J., Holmes, J., Shin, L. M., Valera, E. M., Seidman, L. J., … 
Biederman, J. (2008). Functional magnetic resonance imaging of methylphenidate 
and placebo in attention-deficit/hyperactivity disorder during the multi-source 
interference task. Archives of General Psychiatry, 65(1), 102–114. 
https://doi.org/10.1001/archgenpsychiatry.2007.16 
Bussing, R., Grudnik, J., Mason, D., Wasiak, M., & Leonard, C. (2002). ADHD and conduct 
disorder: an MRI study in a community sample. The World Journal of Biological 
Psychiatry: The Official Journal of the World Federation of Societies of Biological 
Psychiatry, 3(4), 216–220. 
Cai, W., Ryali, S., Chen, T., Li, C.-S. R., & Menon, V. (2014). Dissociable Roles of Right 
Inferior Frontal Cortex and Anterior Insula in Inhibitory Control: Evidence from 
Intrinsic and Task-Related Functional Parcellation, Connectivity, and Response 
Profile Analyses across Multiple Datasets. Journal of Neuroscience, 34(44), 14652–
14667. https://doi.org/10.1523/JNEUROSCI.3048-14.2014 
Caillies, S., Bertot, V., Motte, J., Raynaud, C., & Abely, M. (2014). Social cognition in ADHD: 
Irony understanding and recursive theory of mind. Research in Developmental 
Disabilities, 35(11), 3191–3198. https://doi.org/10.1016/j.ridd.2014.08.002 
Calderoni, S., Retico, A., Biagi, L., Tancredi, R., Muratori, F., & Tosetti, M. (2012). Female 
children with autism spectrum disorder: an insight from mass-univariate and pattern 
classification analyses. NeuroImage, 59(2), 1013–1022. 
https://doi.org/10.1016/j.neuroimage.2011.08.070 
Cao, X., Cao, Q., Long, X., Sun, L., Sui, M., Zhu, C., … Wang, Y. (2009). Abnormal resting-
state functional connectivity patterns of the putamen in medication-naive children 
with attention deficit hyperactivity disorder. Brain Research, 1303, 195–206. 
https://doi.org/10.1016/j.brainres.2009.08.029 
Carlson, S. M., Moses, L. J., & Breton, C. (2002). How specific is the relation between 
executive function and theory of mind? Contributions of inhibitory control and 
working memory. Infant and Child Development, 11(2), 73–92. 
https://doi.org/10.1002/icd.298 
Carmona, S., Hoekzema, E., Antoni Ramos-Quiroga, J., Richarte, V., Canals, C., Bosch, R., 
… Vilarroya, O. (2012). Response inhibition and reward anticipation in medication-
naive adults with attention-deficit/hyperactivity disorder: A within-subject case-
control neuroimaging study. Human Brain Mapping, 33(10), 2350–2361. 
https://doi.org/10.1002/hbm.21368 
Carmona, S., Vilarroya, O., Bielsa, A., Tremols, V., Soliva, J. C., Rovira, M., … Bulbena, A. 
(2005). Global and regional gray matter reductions in ADHD: a voxel-based 
morphometric study. Neuroscience Letters, 389(2), 88–93. 
https://doi.org/10.1016/j.neulet.2005.07.020 
Caron, C., & Rutter, M. (1991). Comorbidity in child psychopathology: concepts, issues and 
research strategies. Journal of Child Psychology and Psychiatry, and Allied 
Disciplines, 32(7), 1063–1080. 
Carpenter Rich, E., Loo, S. K., Yang, M., Dang, J., & Smalley, S. L. (2009). Social 




Psychology and Psychiatry, 14(3), 329–344. 
https://doi.org/10.1177/1359104508100890 
Carrera, E., & Bogousslavsky, J. (2006). The thalamus and behavior: effects of anatomically 
distinct strokes. Neurology, 66(12), 1817–1823. 
https://doi.org/10.1212/01.wnl.0000219679.95223.4c 
Castellanos, F. X., Lee, P. P., Sharp, W., Jeffries, N. O., Greenstein, D. K., Clasen, L. S., … 
Rapoport, J. L. (2002). Developmental trajectories of brain volume abnormalities in 
children and adolescents with attention-deficit/hyperactivity disorder. JAMA, 
288(14), 1740–1748. 
Castellanos, F. X., Margulies, D. S., Kelly, C., Uddin, L. Q., Ghaffari, M., Kirsch, A., … 
Milham, M. P. (2008). Cingulate-precuneus interactions: a new locus of dysfunction 
in adult attention-deficit/hyperactivity disorder. Biological Psychiatry, 63(3), 332–337. 
https://doi.org/10.1016/j.biopsych.2007.06.025 
Castellanos, F. X., Sonuga-Barke, E. J. S., Milham, M. P., & Tannock, R. (2006). 
Characterizing cognition in ADHD: beyond executive dysfunction. Trends in 
Cognitive Sciences, 10(3), 117–123. https://doi.org/10.1016/j.tics.2006.01.011 
Castellanos, F. X., Sonuga-Barke, E. J. S., Scheres, A., Di Martino, A., Hyde, C., & Walters, 
J. R. (2005). Varieties of attention-deficit/hyperactivity disorder-related intra-
individual variability. Biological Psychiatry, 57(11), 1416–1423. 
https://doi.org/10.1016/j.biopsych.2004.12.005 
Castelli, F., Frith, C., Happé, F., & Frith, U. (2002). Autism, Asperger syndrome and brain 
mechanisms for the attribution of mental states to animated shapes. Brain: A 
Journal of Neurology, 125(Pt 8), 1839–1849. 
Cauda, F., Geda, E., Sacco, K., D’Agata, F., Duca, S., Geminiani, G., & Keller, R. (2011). 
Grey matter abnormality in autism spectrum disorder: an activation likelihood 
estimation meta-analysis study. Journal of Neurology Neurosurgery and Psychiatry, 
82(12), 1304–1313. https://doi.org/10.1136/jnnp.2010.239111 
Cederlund, M., Hagberg, B., Billstedt, E., Gillberg, I. C., & Gillberg, C. (2008). Asperger 
Syndrome and Autism: A Comparative Longitudinal Follow-Up Study More than 5 
Years after Original Diagnosis. Journal of Autism and Developmental Disorders, 
38(1), 72–85. https://doi.org/10.1007/s10803-007-0364-6 
Centers for Disease Control and Prevention. (2014). Prevalence of autism spectrum disorder 
among children aged 8 years - autism and developmental disabilities monitoring 
network, 11 sites, United States, 2010. Morbidity and Mortality Weekly Report. 
Surveillance Summaries (Washington, D.C.: 2002), 63(2), 1–21. 
Cerullo, M. A., Adler, C. M., Lamy, M., Eliassen, J. C., Fleck, D. E., Strakowski, S. M., & 
DelBello, M. P. (2009). Differential brain activation during response inhibition in 
bipolar and attention-deficit hyperactivity disorders. Early Intervention in Psychiatry, 
3(3), 189–197. https://doi.org/10.1111/j.1751-7893.2009.00132.x 
Chamak, B., & Bonniau, B. (2016). Trajectories, Long-Term Outcomes and Family 
Experiences of 76 Adults with Autism Spectrum Disorder. Journal of Autism and 
Developmental Disorders, 46(3), 1084–1095. https://doi.org/10.1007/s10803-015-
2656-6 
Chambers, C. D., Bellgrove, M. A., Gould, I. C., English, T., Garavan, H., McNaught, E., … 
Mattingley, J. B. (2007). Dissociable Mechanisms of Cognitive Control in Prefrontal 
and Premotor Cortex. Journal of Neurophysiology, 98(6), 3638–3647. 
https://doi.org/10.1152/jn.00685.2007 
Chambers, C. D., Bellgrove, M. A., Stokes, M. G., Henderson, T. R., Garavan, H., 
Robertson, I. H., … Mattingley, J. B. (2006). Executive “brake failure” following 





Chang, Z., Lichtenstein, P., Asherson, P. J., & Larsson, H. (2013). Developmental Twin 
Study of Attention Problems: High Heritabilities Throughout Development. JAMA 
Psychiatry, 70(3), 311. https://doi.org/10.1001/jamapsychiatry.2013.287 
Chantiluke, K., Barrett, N., Giampietro, V., Brammer, M., Simmons, A., Murphy, D. G., & 
Rubia, K. (2015). Inverse Effect of Fluoxetine on Medial Prefrontal Cortex Activation 
During Reward Reversal in ADHD and Autism. Cerebral Cortex (New York, N.Y.: 
1991), 25(7), 1757–1770. https://doi.org/10.1093/cercor/bht365 
Chantiluke, K., Barrett, N., Giampietro, V., Brammer, M., Simmons, A., & Rubia, K. (2015). 
Disorder-dissociated effects of fluoxetine on brain function of working memory in 
attention deficit hyperactivity disorder and autism spectrum disorder. Psychological 
Medicine, 45(6), 1195–1205. https://doi.org/10.1017/S0033291714002232 
Chantiluke, K., Barrett, N., Giampietro, V., Santosh, P., Brammer, M., Simmons, A., … 
Rubia, K. (2015). Inverse fluoxetine effects on inhibitory brain activation in non-
comorbid boys with ADHD and with ASD. Psychopharmacology, 232(12), 2071–
2082. https://doi.org/10.1007/s00213-014-3837-2 
Chantiluke, K., Christakou, A., Murphy, C. M., Giampietro, V., Daly, E. M., Ecker, C., … 
Rubia, K. (2014). Disorder-specific functional abnormalities during temporal 
discounting in youth with Attention Deficit Hyperactivity Disorder (ADHD), Autism 
and comorbid ADHD and Autism. Psychiatry Research, 223(2), 113–120. 
https://doi.org/10.1016/j.pscychresns.2014.04.006 
Charman, T., Baird, G., Simonoff, E., Loucas, T., Chandler, S., Meldrum, D., & Pickles, A. 
(2007). Efficacy of three screening instruments in the identification of autistic-
spectrum disorders. The British Journal of Psychiatry: The Journal of Mental 
Science, 191, 554–559. https://doi.org/10.1192/bjp.bp.107.040196 
Charman, T., Pickles, A., Simonoff, E., Chandler, S., Loucas, T., & Baird, G. (2011). IQ in 
children with autism spectrum disorders: data from the Special Needs and Autism 
Project (SNAP). Psychological Medicine, 41(3), 619–627. 
https://doi.org/10.1017/S0033291710000991 
Chen, C.-Y., Yen, J.-Y., Yen, C.-F., Chen, C.-S., Liu, G.-C., Liang, C.-Y., & Ko, C.-H. (2015). 
Aberrant brain activation of error processing among adults with attention deficit and 
hyperactivity disorder. Kaohsiung Journal of Medical Sciences, 31(4), 179–187. 
https://doi.org/10.1016/j.kjms.2015.01.001 
Chen, L., Huang, X., Lei, D., He, N., Hu, X., Chen, Y., … Gong, Q. (2015). Microstructural 
abnormalities of the brain white matter in attention-deficit/hyperactivity disorder. 
Journal of Psychiatry & Neuroscience, 40(4), 280–287. 
https://doi.org/10.1503/jpn.140199 
Chen, R., Jiao, Y., & Herskovits, E. H. (2011). Structural MRI in autism spectrum disorder. 
Pediatric Research, 69(5 Pt 2), 63R–8R. 
https://doi.org/10.1203/PDR.0b013e318212c2b3 
Cheng, Y., Chou, K.-H., Fan, Y.-T., & Lin, C.-P. (2011). ANS: Aberrant neurodevelopment of 
the social cognition network in adolescents with autism spectrum disorders. PLoS 
ONE, 6(4). https://doi.org/10.1371/journal.pone.0018905 
Cheung, C. H. M., Rijdijk, F., McLoughlin, G., Faraone, S. V., Asherson, P., & Kuntsi, J. 
(2015). Childhood predictors of adolescent and young adult outcome in ADHD. 
Journal of Psychiatric Research, 62, 92–100. 
https://doi.org/10.1016/j.jpsychires.2015.01.011 
Chiu, S., Widjaja, F., Bates, M. E., Voelbel, G. T., Pandina, G., Marble, J., … Hendren, R. L. 
(2008). Anterior cingulate volume in pediatric bipolar disorder and autism. Journal of 
Affective Disorders, 105(1–3), 93–99. https://doi.org/10.1016/j.jad.2007.04.019 
Chou, T.-L., Chia, S., Shang, C.-Y., & Gau, S. S.-F. (2015). Differential therapeutic effects of 
12-week treatment of atomoxetine and methylphenidate on drug-naive children with 




European Neuropsychopharmacology, 25(12), 2300–2310. 
https://doi.org/10.1016/j.euroneuro.2015.08.024 
Chowdhury, M., Benson, B. A., & Hillier, A. (2010). Changes in Restricted Repetitive 
Behaviors with age: A study of high-functioning adults with Autism Spectrum 
Disorders. Research in Autism Spectrum Disorders, 4(2), 210–216. 
https://doi.org/10.1016/j.rasd.2009.09.006 
Christakou, A., Brammer, M., & Rubia, K. (2011). Maturation of limbic corticostriatal 
activation and connectivity associated with developmental changes in temporal 
discounting. NeuroImage, 54(2), 1344–1354. 
https://doi.org/10.1016/j.neuroimage.2010.08.067 
Christakou, A., Murphy, C. M., Chantiluke, K., Cubillo, A. I., Smith, A. B., Giampietro, V., … 
Rubia, K. (2013). Disorder-specific functional abnormalities during sustained 
attention in youth with Attention Deficit Hyperactivity Disorder (ADHD) and with 
Autism. Molecular Psychiatry, 18(2), 236–244. https://doi.org/10.1038/mp.2011.185 
Christoff, K., Gordon, A. M., Smallwood, J., Smith, R., & Schooler, J. W. (2009). Experience 
sampling during fMRI reveals default network and executive system contributions to 
mind wandering. Proceedings of the National Academy of Sciences, 106(21), 8719–
8724. https://doi.org/10.1073/pnas.0900234106 
Clark, T., Feehan, C., Tinline, C., & Vostanis, P. (1999). Autistic symptoms in children with 
attention deficit-hyperactivity disorder. European Child & Adolescent Psychiatry, 
8(1), 50–55. 
Cléry, H., Bonnet-Brilhault, F., Lenoir, P., Barthelemy, C., Bruneau, N., & Gomot, M. (2013). 
Atypical visual change processing in children with autism: An electrophysiological 
Study: Visual mismatch response in children with autism. Psychophysiology, 50(3), 
240–252. https://doi.org/10.1111/psyp.12006 
Coghill, D. R., Seth, S., & Matthews, K. (2014). A comprehensive assessment of memory, 
delay aversion, timing, inhibition, decision making and variability in attention deficit 
hyperactivity disorder: advancing beyond the three-pathway models. Psychological 
Medicine, 44(9), 1989–2001. https://doi.org/10.1017/S0033291713002547 
Cohen, M. (1997). Children’s memory scale. San Antonio, TX: The Psychological 
Corporation. 
Congdon, E., Altshuler, L. L., Mumford, J. A., Karlsgodt, K. H., Sabb, F. W., Ventura, J., … 
Poldrack, R. A. (2014). Neural activation during response inhibition in adult 
attention-deficit/hyperactivity disorder: Preliminary findings on the effects of 
medication and symptom severity. Psychiatry Research-Neuroimaging, 222(1–2), 
17–28. https://doi.org/10.1016/j.pscychresns.2014.02.002 
Congdon, E., Mumford, J. A., Cohen, J. R., Galvan, A., Aron, A. R., Xue, G., … Poldrack, R. 
A. (2010). Engagement of large-scale networks is related to individual differences in 
inhibitory control. NeuroImage, 53(2), 653–663. 
https://doi.org/10.1016/j.neuroimage.2010.06.062 
Congdon, E., Mumford, J. A., Cohen, J. R., Galvan, A., Canli, T., & Poldrack, R. A. (2012). 
Measurement and Reliability of Response Inhibition. Frontiers in Psychology, 3. 
https://doi.org/10.3389/fpsyg.2012.00037 
Conners, C. K., Erhardt, D., & Sparrow, E. (1999). Conners’ Adult ADHD Rating Scales 
(CAARS): Technical Manual. New York; Toronto: Multi-Health Systems Inc. 
Constantino, J. N. (2011). The quantitative nature of autistic social impairment. Pediatric 
Research, 69(5 Pt 2), 55R–62R. https://doi.org/10.1203/PDR.0b013e318212ec6e 
Constantino, J. N., & Gruber, C. (2012). Social Responsiveness ScaleTM, Second Edition 
(SRSTM-2). Torrance, CA: Western Psychological Services. 
Cooper, N., Kable, J. W., Kim, B. K., & Zauberman, G. (2013). Brain Activity in Valuation 




of Neuroscience, 33(32), 13150–13156. https://doi.org/10.1523/JNEUROSCI.0400-
13.2013 
Corbett, B. A., Carmean, V., Ravizza, S., Wendelken, C., Henry, M. L., Carter, C., & Rivera, 
S. M. (2009). A functional and structural study of emotion and face processing in 
children with autism. Psychiatry Res, 173(3), 196–205. 
https://doi.org/10.1016/j.pscychresns.2008.08.005 
Corbett, B. A., & Constantine, L. J. (2006). Autism and Attention Deficit Hyperactivity 
Disorder: Assessing Attention and Response Control with the Integrated Visual and 
Auditory Continuous Performance Test. Child Neuropsychology, 12(4–5), 335–348. 
https://doi.org/10.1080/09297040500350938 
Corbett, B. A., Constantine, L. J., Hendren, R., Rocke, D., & Ozonoff, S. (2009). Examining 
executive functioning in children with autism spectrum disorder, attention deficit 
hyperactivity disorder and typical development. Psychiatry Research, 166(2–3), 
210–222. https://doi.org/10.1016/j.psychres.2008.02.005 
Corbett, B. A., & Glidden, H. (2000). Processing affective stimuli in children with attention-
deficit hyperactivity disorder. Child Neuropsychology: A Journal on Normal and 
Abnormal Development in Childhood and Adolescence, 6(2), 144–155. 
https://doi.org/10.1076/chin.6.2.144.7056 
Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven attention 
in the brain. Nature Reviews Neuroscience, 3(3), 215–229. 
https://doi.org/10.1038/nrn755 
Cortese, S., Kelly, C., Chabernaud, C., Proal, E., Di Martino, A., Milham, M. P., & 
Castellanos, F. X. (2012). Toward Systems Neuroscience of ADHD: A Meta-
Analysis of 55 fMRI Studies. American Journal of Psychiatry, 169(10), 1038–1055. 
https://doi.org/10.1176/appi.ajp.2012.11101521 
Coull, J. T., Vidal, F., Nazarian, B., & Macar, F. (2004). Functional anatomy of the attentional 
modulation of time estimation. Science (New York, N.Y.), 303(5663), 1506–1508. 
https://doi.org/10.1126/science.1091573 
Courchesne, E., Campbell, K., & Solso, S. (2011). Brain growth across the life span in 
autism: Age-specific changes in anatomical pathology. Brain Research, 1380, 138–
145. https://doi.org/10.1016/j.brainres.2010.09.101 
Courchesne, E., Saitoh, O., Yeung-Courchesne, R., Press, G. A., Lincoln, A. J., Haas, R. H., 
& Schreibman, L. (1994). Abnormality of cerebellar vermian lobules VI and VII in 
patients with infantile autism: identification of hypoplastic and hyperplastic 
subgroups with MR imaging. AJR. American Journal of Roentgenology, 162(1), 
123–130. https://doi.org/10.2214/ajr.162.1.8273650 
Craig, A. (2009). How do you feel--now? The anterior insula and human awareness. Nature 
Reviews. Neuroscience, 10(1), 59–70. https://doi.org/10.1038/nrn2555 
Craig, F., Lamanna, A. L., Margari, F., Matera, E., Simone, M., & Margari, L. (2015). Overlap 
Between Autism Spectrum Disorders and Attention Deficit Hyperactivity Disorder: 
Searching for Distinctive/Common Clinical Features: Overlap Between ASD and 
ADHD. Autism Research, 8(3), 328–337. https://doi.org/10.1002/aur.1449 
Craig, M., Zaman, S. H., Daly, E. M., Cutter, W. J., Robertson, D. M. W., Hallahan, B., … 
Murphy, D. G. M. (2007). Women with autistic-spectrum disorder: magnetic 
resonance imaging study of brain  anatomy. The British Journal of Psychiatry : The 
Journal of Mental Science, 191, 224–228. https://doi.org/10.1192/bjp.bp.106.034603 
Criaud, M., & Boulinguez, P. (2013). Have we been asking the right questions when 
assessing response inhibition in go/no-go tasks with fMRI? A meta-analysis and 
critical review. Neuroscience & Biobehavioral Reviews, 37(1), 11–23. 
https://doi.org/10.1016/j.neubiorev.2012.11.003 
Critchley, H. D., Eccles, J., & Garfinkel, S. N. (2013). Interaction between cognition, emotion, 





Cubillo, A., Halari, R., Ecker, C., Giampietro, V., Taylor, E., & Rubia, K. (2010). Reduced 
activation and inter-regional functional connectivity of fronto-striatal networks in 
adults with childhood Attention-Deficit Hyperactivity Disorder (ADHD) and persisting 
symptoms during tasks of motor inhibition and cognitive switching. Journal of 
Psychiatric Research, 44(10), 629–639. 
https://doi.org/10.1016/j.jpsychires.2009.11.016 
Cubillo, A., Halari, R., Giampietro, V., Taylor, E., & Rubia, K. (2011). Fronto-striatal 
underactivation during interference inhibition and attention allocation in grown up 
children with attention deficit/hyperactivity disorder and persistent symptoms. 
Psychiatry Research, 193(1), 17–27. 
https://doi.org/10.1016/j.pscychresns.2010.12.014 
Cubillo, A., Halari, R., Smith, A., Taylor, E., & Rubia, K. (2012). A review of fronto-striatal 
and fronto-cortical brain abnormalities in children and adults with Attention Deficit 
Hyperactivity Disorder (ADHD) and new evidence for dysfunction in adults with 
ADHD during motivation and attention. Cortex; a Journal Devoted to the Study of the 
Nervous System and Behavior, 48(2), 194–215. 
https://doi.org/10.1016/j.cortex.2011.04.007 
Cubillo, A., & Rubia, K. (2010). Structural and functional brain imaging in adult attention-
deficit/hyperactivity disorder. Expert Review of Neurotherapeutics, 10(4), 603–620. 
https://doi.org/10.1586/ern.10.4 
Cubillo, A., Smith, A. B., Barrett, N., Giampietro, V., Brammer, M. J., Simmons, A., & Rubia, 
K. (2014). Shared and Drug-Specific Effects of Atomoxetine and Methylphenidate on 
Inhibitory Brain Dysfunction in Medication-Naive ADHD Boys. Cerebral Cortex, 
24(1), 174–185. https://doi.org/10.1093/cercor/bhs296 
Da Fonseca, D., Seguier, V., Santos, A., Poinso, F., & Deruelle, C. (2009). Emotion 
understanding in children with ADHD. Child Psychiatry and Human Development, 
40(1), 111–121. https://doi.org/10.1007/s10578-008-0114-9 
Daly, E. M., Ecker, C., Hallahan, B., Deeley, Q., Craig, M., Murphy, C., … Murphy, D. G. M. 
(2014). Response inhibition and serotonin in autism: a functional MRI study using 
acute tryptophan depletion. Brain, 137, 2600–2610. 
https://doi.org/10.1093/brain/awu178 
Damasio, A. R., & Maurer, R. G. (1978). A neurological model for childhood autism. Archives 
of Neurology, 35(12), 777–786. 
Dambacher, F., Sack, A. T., Lobbestael, J., Arntz, A., Brugman, S., & Schuhmann, T. 
(2014). A network approach to response inhibition: dissociating functional 
connectivity of neural components involved in action restraint and action 
cancellation. European Journal of Neuroscience, 39(5), 821–831. 
https://doi.org/10.1111/ejn.12425 
Davidovitch, M., Levit-Binnun, N., Golan, D., & Manning-Courtney, P. (2015). Late Diagnosis 
of Autism Spectrum Disorder After Initial Negative Assessment by a Multidisciplinary 
Team: Journal of Developmental & Behavioral Pediatrics, 36(4), 227–234. 
https://doi.org/10.1097/DBP.0000000000000133 
Dawson, G., Munson, J., Estes, A., Osterling, J., McPartland, J., Toth, K., … Abbott, R. 
(2002). Neurocognitive function and joint attention ability in young children with 
autism spectrum disorder versus developmental delay. Child Dev, 73(2), 345–58. 
D’Cruz, A.-M., Ragozzino, M. E., Mosconi, M. W., Shrestha, S., Cook, E. H., & Sweeney, J. 
A. (2013). Reduced behavioral flexibility in autism spectrum disorders. 
Neuropsychology, 27(2), 152–160. https://doi.org/10.1037/a0031721 
De Los Reyes, A., & Kazdin, A. E. (2005). Informant discrepancies in the assessment of 
childhood psychopathology: a critical review, theoretical framework, and 





de Mello, C. B., Ungaretti Rossi, A. S., da silva Gusmão Cardoso, T., Strahler Rivero, T., de 
Moura, L. M., Gomes Nogueira, R., … Muszkat, M. (2013). Neuroimaging and 
neuropsychological analyses in a sample of children with ADHD - Inattentive 
subtype. Clinical Neuropsychiatry, 10(2), 45–54. 
de Zeeuw, P., Weusten, J., van Dijk, S., van Belle, J., & Durston, S. (2012). Deficits in 
Cognitive Control, Timing and Reward Sensitivity Appear to be Dissociable in 
ADHD. PLoS ONE, 7(12), e51416. https://doi.org/10.1371/journal.pone.0051416 
Demopoulos, C., Hopkins, J., & Davis, A. (2013). A comparison of social cognitive profiles in 
children with autism spectrum disorders and attention-deficit/hyperactivity disorder: 
a matter of quantitative but not qualitative difference? Journal of Autism and 
Developmental Disorders, 43(5), 1157–1170. https://doi.org/10.1007/s10803-012-
1657-y 
Demurie, E., De Corel, M., & Roeyers, H. (2011). Empathic accuracy in adolescents with 
autism spectrum disorders and adolescents with attention-deficit/hyperactivity 
disorder. Research in Autism Spectrum Disorders, 5(1), 126–134. 
https://doi.org/10.1016/j.rasd.2010.03.002 
Demurie, E., Roeyers, H., Baeyens, D., & Sonuga-Barke, E. (2012). Temporal discounting of 
monetary rewards in children and adolescents with ADHD and autism spectrum 
disorders: Temporal discounting in ADHD and ASD. Developmental Science, 15(6), 
791–800. https://doi.org/10.1111/j.1467-7687.2012.01178.x 
Dennis, M., Francis, D. J., Cirino, P. T., Schachar, R., Barnes, M. A., & Fletcher, J. M. 
(2009). Why IQ is not a covariate in cognitive studies of neurodevelopmental 
disorders. Journal of the International Neuropsychological Society, 15(3), 331. 
https://doi.org/10.1017/S1355617709090481 
Depue, B. E., Burgess, G. C., Bidwell, L. C., Willcutt, E. G., & Banich, M. T. (2010). 
Behavioral performance predicts grey matter reductions in the right inferior frontal 
gyrus in young adults with combined type ADHD. Psychiatry Research-
Neuroimaging, 182(3), 231–237. https://doi.org/10.1016/j.pscychresns.2010.01.012 
Depue, B. E., Burgess, G. C., Willcutt, E. G., Bidwell, L. C., Ruzic, L., & Banich, M. T. 
(2010). Symptom-correlated brain regions in young adults with combined-type 
ADHD: Their organization, variability, and relation to behavioral performance. 
Psychiatry Research-Neuroimaging, 182(2), 96–102. 
https://doi.org/10.1016/j.pscychresns.2009.11.011 
Derrfuss, J., Brass, M., Neumann, J., & von Cramon, D. Y. (2005). Involvement of the 
inferior frontal junction in cognitive control: meta-analyses of switching and Stroop 
studies. Human Brain Mapping, 25(1), 22–34. https://doi.org/10.1002/hbm.20127 
Desmond, J. E., & Glover, G. H. (2002). Estimating sample size in functional MRI (fMRI) 
neuroimaging studies: statistical power analyses. J Neurosci Methods, 118(2), 115–
28. 
DeVito, C., & Hopkins, J. (2001). Attachment, parenting, and marital dissatisfaction as 
predictors of disruptive behavior in preschoolers. Development and 
Psychopathology, 13(2), 215–231. 
Di Martino, A., Zuo, X.-N., Kelly, C., Grzadzinski, R., Mennes, M., Schvarcz, A., … Milham, 
M. P. (2013). Shared and distinct intrinsic functional network centrality in autism and 
attention-deficit/hyperactivity disorder. Biological Psychiatry, 74(8), 623–632. 
https://doi.org/10.1016/j.biopsych.2013.02.011 
Dibbets, P., Evers, E. A. T., Hurks, P. P. M., Bakker, K., & Jolles, J. (2010). Differential Brain 
Activation Patterns in Adult Attention-Deficit Hyperactivity Disorder (ADHD) 
Associated With Task Switching. Neuropsychology, 24(4), 413–423. 
https://doi.org/10.1037/a0018997 
Dibbets, P., Evers, L., Hurks, P., Marchetta, N., & Jolles, J. (2009). Differences in feedback- 





Dichter, G. S., & Belger, A. (2007). Social stimuli interfere with cognitive control in autism. 
NeuroImage, 35(3), 1219–1230. https://doi.org/10.1016/j.neuroimage.2006.12.038 
Dickstein, D. P., Pescosolido, M. F., Reidy, B. L., Galvan, T., Kim, K. L., Seymour, K. E., … 
Barrett, R. P. (2013). Developmental Meta-Analysis of the Functional Neural 
Correlates of Autism Spectrum Disorders. Journal of the American Academy of 
Child & Adolescent Psychiatry, 52(3), 279–289.e16. 
https://doi.org/10.1016/j.jaac.2012.12.012 
Dillo, W., Goke, A., Prox-Vagedes, V., Szycik, G. R., Roy, M., Donnerstag, F., … Ohlmeier, 
M. D. (2010). Neuronal correlates of ADHD in adults with evidence for compensation 
strategies--a functional MRI study with a Go/No-Go paradigm. German Medical 
Science : GMS E-Journal, 8, Doc09. https://doi.org/10.3205/000098 
D’Mello, A. M., Crocetti, D., Mostofsky, S. H., & Stoodley, C. J. (2015). Cerebellar gray 
matter and lobular volumes correlate with core autism symptoms. Neuroimage-
Clinical, 7, 631–639. https://doi.org/10.1016/j.nicl.2015.02.007 
D’Mello, A. M., & Stoodley, C. J. (2015). Cerebro-cerebellar circuits in autism spectrum 
disorder. Frontiers in Neuroscience, 9, 408. https://doi.org/10.3389/fnins.2015.00408 
Dolan, R. . (2007). The human amygdala and orbital prefrontal cortex in behavioural 
regulation. Philosophical Transactions of the Royal Society B: Biological Sciences, 
362(1481), 787–799. https://doi.org/10.1098/rstb.2007.2088 
Downs, A., & Smith, T. (2004). Emotional understanding, cooperation, and social behavior in 
high-functioning children with autism. Journal of Autism and Developmental 
Disorders, 34(6), 625–635. 
Droit-Volet, S. (2013). Time perception in children: A neurodevelopmental approach. 
Neuropsychologia, 51(2), 220–234. 
https://doi.org/10.1016/j.neuropsychologia.2012.09.023 
Droit-Volet, S., & Wearden, J. H. (2001). Temporal Bisection in Children. Journal of 
Experimental Child Psychology, 80(2), 142–159. 
https://doi.org/10.1006/jecp.2001.2631 
Duann, J.-R., Ide, J. S., Luo, X., & Li, C. -s. R. (2009). Functional Connectivity Delineates 
Distinct Roles of the Inferior Frontal Cortex and Presupplementary Motor Area in 
Stop Signal Inhibition. Journal of Neuroscience, 29(32), 10171–10179. 
https://doi.org/10.1523/JNEUROSCI.1300-09.2009 
Duerden, E. G., Taylor, M. J., Soorya, L. V., Wang, T., Fan, J., & Anagnostou, E. (2013). 
Neural correlates of inhibition of socially relevant stimuli in adults with autism 
spectrum disorder. Brain Research, 1533, 80–90. 
https://doi.org/10.1016/j.brainres.2013.08.021 
DuPaul, G. J., Weyandt, L. L., O’Dell, S. M., & Varejao, M. (2009). College Students With 
ADHD: Current Status and Future Directions. Journal of Attention Disorders, 13(3), 
234–250. https://doi.org/10.1177/1087054709340650 
Durston, S., Davidson, M. C., Mulder, M. J., Spicer, J. A., Galvan, A., Tottenham, N., … 
Casey, B. J. (2007). Neural and behavioral correlates of expectancy violations in 
attention-deficit hyperactivity disorder. Journal of Child Psychology and Psychiatry, 
48(9), 881–889. https://doi.org/10.1111/j.1469-7610.2007.01754.x 
Durston, S., Mulder, M., Casey, B. J., Ziermans, T., & van Engeland, H. (2006). Activation in 
ventral prefrontal cortex is sensitive to genetic vulnerability for attention-deficit 
hyperactivity disorder. Biological Psychiatry, 60(10), 1062–1070. 
https://doi.org/10.1016/j.biopsych.2005.12.020 
Durston, S., Tottenham, N. T., Thomas, K. M., Davidson, M. C., Eigsti, I. M., Yang, Y. H., … 
Casey, B. J. (2003). Differential patterns of striatal activation in young children with 





Durston, S., van Belle, J., & de Zeeuw, P. (2011). Differentiating frontostriatal and fronto-
cerebellar circuits in attention-deficit/hyperactivity disorder. Biological Psychiatry, 
69(12), 1178–1184. https://doi.org/10.1016/j.biopsych.2010.07.037 
Dyck, M. J., Ferguson, K., & Shochet, I. M. (2001). Do autism spectrum disorders differ from 
each other and from non-spectrum disorders on emotion recognition tests? 
European Child & Adolescent Psychiatry, 10(2), 105–116. 
Eaves, L. C., Ho, H. H., & Eaves, D. M. (1994). Subtypes of autism by cluster analysis. 
Journal of Autism and Developmental Disorders, 24(1), 3–22. 
Ecker, C., Rocha-Rego, V., Johnston, P., Mourao-Miranda, J., Marquand, A., Daly, E. M., … 
Murphy, D. G. (2010). Investigating the predictive value of whole-brain structural MR 
scans in autism:  a pattern classification approach. NeuroImage, 49(1), 44–56. 
https://doi.org/10.1016/j.neuroimage.2009.08.024 
Ecker, C., Suckling, J., Deoni, S. C., Lombardo, M. V., Bullmore, E. T., Baron-Cohen, S., … 
Murphy, D. G. M. (2012). Brain Anatomy and Its Relationship to Behavior in Adults 
With Autism Spectrum Disorder. Archives of General Psychiatry, 69(2), 195–209. 
Elsabbagh, M., Divan, G., Koh, Y.-J., Kim, Y. S., Kauchali, S., Marcín, C., … Fombonne, E. 
(2012). Global Prevalence of Autism and Other Pervasive Developmental Disorders: 
Global epidemiology of autism. Autism Research, 5(3), 160–179. 
https://doi.org/10.1002/aur.239 
El-Sayed, E., Larsson, J. O., Persson, H. E., Santosh, P. J., & Rydelius, P. A. (2003). 
“Maturational lag” hypothesis of attention deficit hyperactivity disorder: an update. 
Acta Paediatrica (Oslo, Norway: 1992), 92(7), 776–784. 
English, M. C. W., Maybery, M. T., & Visser, T. A. W. (2015). Individuals with Autistic-Like 
Traits Show Reduced Lateralization on a Greyscales Task. Journal of Autism and 
Developmental Disorders, 45(10), 3390–3395. https://doi.org/10.1007/s10803-015-
2493-7 
Epstein, J. N., Casey, B. J., Tonev, S. T., Davidson, M. C., Reiss, A. L., Garrett, A., … 
Spicer, J. (2007). ADHD- and medication-related brain activation effects in 
concordantly affected parent-child dyads with ADHD. Journal of Child Psychology 
and Psychiatry, 48(9), 899–913. https://doi.org/10.1111/j.1469-7610.2007.01761.x 
Epstein, J. N., Erkanli, A., Conners, C. K., Klaric, J., Costello, J. E., & Angold, A. (2003). 
Relations between continuous performance test performance measures and ADHD 
behaviors. Journal of Abnormal Child Psychology, 31(5), 543–554. 
https://doi.org/10.1023/A:1025405216339 
Epstein, J. N., Johnson, D. E., Varia, I. M., & Conners, C. K. (2001). Neuropsychological 
assessment of response inhibition in adults with ADHD. Journal of Clinical and 
Experimental Neuropsychology, 23(3), 362–371. 
https://doi.org/10.1076/jcen.23.3.362.1186 
Epstein, J. N., & Loren, R. E. (2013). Changes in the definition of ADHD in DSM-5: subtle 
but important. Neuropsychiatry, 3(5), 455–458. https://doi.org/10.2217/npy.13.59 
Eriksen, B. A., & Eriksen, C. W. (1974). Effects of noise letters upon the identification of a 
target letter in a nonsearch task. Perception & Psychophysics, 16(1), 143–149. 
https://doi.org/10.3758/BF03203267 
Esbensen, A. J., Greenberg, J. S., Seltzer, M. M., & Aman, M. G. (2009). A Longitudinal 
Investigation of Psychotropic and Non-Psychotropic Medication Use Among 
Adolescents and Adults with Autism Spectrum Disorders. Journal of Autism and 
Developmental Disorders, 39(9), 1339–1349. https://doi.org/10.1007/s10803-009-
0750-3 
Etkin, A., Egner, T., & Kalisch, R. (2011). Emotional processing in anterior cingulate and 





Fair, D. A., Bathula, D., Nikolas, M. A., & Nigg, J. T. (2012). Distinct neuropsychological 
subgroups in typically developing youth inform heterogeneity in children with ADHD. 
Proceedings of the National Academy of Sciences, 109(17), 6769–6774. 
https://doi.org/10.1073/pnas.1115365109 
Falter, C. M., & Noreika, V. (2011). Interval Timing Deficits and Abnormal Cognitive 
Development. Frontiers in Integrative Neuroscience, 5. 
https://doi.org/10.3389/fnint.2011.00026 
Falter, C. M., & Noreika, V. (2014). Time Processing in Developmental Disorders: In 
Subjective Time (pp. 557–598). MIT Press. Retrieved from 
http://www.jstor.org/stable/j.ctt9qf5dd.40 
Falter, C. M., Noreika, V., Wearden, J. H., & Bailey, A. J. (2012). More consistent, yet less 
sensitive: Interval timing in autism spectrum disorders. The Quarterly Journal of 
Experimental Psychology, 65(11), 2093–2107. 
https://doi.org/10.1080/17470218.2012.690770 
Fan, J., Bernardi, S., Van Dam, N. T., Anagnostou, E., Gu, X., Martin, L., … Hof, P. R. 
(2012). Functional deficits of the attentional networks in autism. Brain and Behavior, 
2(5), 647–660. https://doi.org/10.1002/brb3.90 
Fan, J., Mccandliss, B., Fossella, J., Flombaum, J., & Posner, M. (2005). The activation of 
attentional networks. NeuroImage, 26(2), 471–479. 
https://doi.org/10.1016/j.neuroimage.2005.02.004 
Faraone, S. V., Biederman, J., & Mick, E. (2005). The age-dependent decline of attention 
deficit hyperactivity disorder: a meta-analysis of follow-up studies. Psychological 
Medicine, 36(2), 159. https://doi.org/10.1017/S003329170500471X 
Faraone, S. V., Biederman, J., Spencer, T., Mick, E., Murray, K., Petty, C., … Monuteaux, 
M. C. (2006). Diagnosing adult attention deficit hyperactivity disorder: are late onset 
and subthreshold diagnoses valid? The American Journal of Psychiatry, 163(10), 
1720–1729; quiz 1859. https://doi.org/10.1176/ajp.2006.163.10.1720 
Faraone, S. V., & Buitelaar, J. (2010). Comparing the efficacy of stimulants for ADHD in 
children and adolescents using meta-analysis. European Child & Adolescent 
Psychiatry, 19(4), 353–364. https://doi.org/10.1007/s00787-009-0054-3 
Farley, M. A., McMahon, W. M., Fombonne, E., Jenson, W. R., Miller, J., Gardner, M., … 
Coon, H. (2009). Twenty-year outcome for individuals with autism and average or 
near-average cognitive abilities. Autism Research, 2(2), 109–118. 
https://doi.org/10.1002/aur.69 
Fayyad, J., De Graaf, R., Kessler, R., Alonso, J., Angermeyer, M., Demyttenaere, K., … Jin, 
R. (2007). Cross-national prevalence and correlates of adult attention-deficit 
hyperactivity disorder. The British Journal of Psychiatry: The Journal of Mental 
Science, 190, 402–409. https://doi.org/10.1192/bjp.bp.106.034389 
Fein, D., Barton, M., Eigsti, I.-M., Kelley, E., Naigles, L., Schultz, R. T., … Tyson, K. (2013). 
Optimal outcome in individuals with a history of autism: Optimal outcome in 
individuals with a history of autism. Journal of Child Psychology and Psychiatry, 
54(2), 195–205. https://doi.org/10.1111/jcpp.12037 
Fein, D., Dixon, P., Paul, J., & Levin, H. (2005). Brief Report: Pervasive Developmental 
Disorder Can Evolve into ADHD: Case Illustrations. Journal of Autism and 
Developmental Disorders, 35(4), 525–534. https://doi.org/10.1007/s10803-005-
5066-3 
Fischer, M., Barkley, R. A., Smallish, L., & Fletcher, K. (2005). Executive functioning in 
hyperactive children as young adults: attention, inhibition, response perseveration, 
and the impact of comorbidity. Dev Neuropsychol, 27(1), 107–33. 
https://doi.org/10.1207/s15326942dn2701_5 
Fitzgerald, J., Johnson, K., Kehoe, E., Bokde, A. L. W., Garavan, H., Gallagher, L., & 




Attention Networks During Attention Orienting in Autism Spectrum Disorders. Autism 
Research, 8(2), 136–152. https://doi.org/10.1002/aur.1430 
Flavell, J. H., Flavell, E. R., & Green, F. L. (1983). Development of the appearance-reality 
distinction. Cognitive Psychology, 15(1), 95–120. https://doi.org/10.1016/0010-
0285(83)90005-1 
Floris, D. L., Barber, A. D., Nebel, M. B., Martinelli, M., Lai, M.-C., Crocetti, D., … Mostofsky, 
S. H. (2016). Atypical lateralization of motor circuit functional connectivity in children 
with autism is associated with motor deficits. Molecular Autism, 7(1). 
https://doi.org/10.1186/s13229-016-0096-6 
Floris, D. L., Lai, M.-C., Auer, T., Lombardo, M. V., Ecker, C., Chakrabarti, B., … Suckling, J. 
(2016). Atypically rightward cerebral asymmetry in male adults with autism stratifies 
individuals with and without language delay. Human Brain Mapping, 37(1), 230–253. 
https://doi.org/10.1002/hbm.23023 
Flynn, E., O’Malley, C., & Wood, D. (2004). A longitudinal, microgenetic study of the 
emergence of false belief understanding and inhibition skills. Developmental 
Science, 7(1), 103–115. https://doi.org/10.1111/j.1467-7687.2004.00326.x 
Fombonne, E. (2005). Epidemiology of autistic disorder and other pervasive developmental 
disorders. The Journal of Clinical Psychiatry, 66 Suppl 10, 3–8. 
Fombonne, E., Siddons, F., Achard, S., Frith, U., & Happé, F. (1994). Adaptive behaviour 
and theory of mind in autism. European Child & Adolescent Psychiatry, 3(3), 176–
186. https://doi.org/10.1007/BF02720324 
Foster, N. E. V., Doyle-Thomas, K. A. R., Tryfon, A., Ouimet, T., Anagnostou, E., Evans, A. 
C., … Hyde, K. L. (2015). Structural Gray Matter Differences During Childhood 
Development in Autism Spectrum Disorder: A Multimetric Approach. Pediatric 
Neurology, 53(4), 350–359. https://doi.org/10.1016/j.pediatrneurol.2015.06.013 
Foucher, J. ., Otzenberger, H., & Gounot, D. (2004). Where arousal meets attention: a 
simultaneous fMRI and EEG recording study. NeuroImage, 22(2), 688–697. 
https://doi.org/10.1016/j.neuroimage.2004.01.048 
Frank, C. K., Baron-Cohen, S., & Ganzel, B. L. (2015). Sex differences in the neural basis of 
false-belief and pragmatic language comprehension. NeuroImage, 105, 300–311. 
https://doi.org/10.1016/j.neuroimage.2014.09.041 
Frazier, J., Biederman, J., Bellordre, C. A., Garfield, S. B., Geller, D. A., Coffey, B. J., & 
Faraone, S. V. (2001). Should the diagnosis of Attention-Deficit/ Hyperactivity 
disorder be considered in children with Pervasive Developmental Disorder? Journal 
of Attention Disorders, 4(4), 203–211. https://doi.org/10.1177/108705470100400402 
Frazier, T., Youngstrom, E. A., Speer, L., Embacher, R., Law, P., Constantino, J., … Eng, C. 
(2012). Validation of Proposed DSM-5 Criteria for Autism Spectrum Disorder. 
Journal of the American Academy of Child & Adolescent Psychiatry, 51(1), 28–
40.e3. https://doi.org/10.1016/j.jaac.2011.09.021 
Freitag, C. M., Konrad, C., Häberlen, M., Kleser, C., von Gontard, A., Reith, W., … Krick, C. 
(2008). Perception of biological motion in autism spectrum disorders. 
Neuropsychologia, 46(5), 1480–1494. 
https://doi.org/10.1016/j.neuropsychologia.2007.12.025 
Frenette, P., Dodds, L., MacPherson, K., Flowerdew, G., Hennen, B., & Bryson, S. (2013). 
Factors affecting the age at diagnosis of autism spectrum disorders in Nova Scotia, 
Canada. Autism, 17(2), 184–195. https://doi.org/10.1177/1362361311413399 
Fridman, M., Hodgkins, P. S., Kahle, J. S., & Erder, M. H. (2015). Predicted effect size of 
lisdexamfetamine treatment of attention deficit/hyperactivity disorder (ADHD) in 
European adults: Estimates based on indirect analysis using a systematic review 





Fried, R., Joshi, G., Bhide, P., Pope, A., Galdo, M., Koster, A., … Biederman, J. (2016). A 
study of the neuropsychological correlates in adults with high functioning autism 
spectrum disorders. Acta Neuropsychiatrica, 1–10. 
https://doi.org/10.1017/neu.2016.12 
Friedman, N. P., Miyake, A., Altamirano, L. J., Corley, R. P., Young, S. E., Rhea, S. A., & 
Hewitt, J. K. (2015). Stability and Change in Executive Function Abilities From Late 
Adolescence to Early Adulthood: A Longitudinal Twin Study. Developmental 
Psychology. https://doi.org/10.1037/dev0000075 
Friston, K. J., Rotshtein, P., Geng, J. J., Sterzer, P., & Henson, R. N. (2006). A critique of 
functional localisers. NeuroImage, 30(4), 1077–1087. 
https://doi.org/10.1016/j.neuroimage.2005.08.012 
Frith, U., Happé, F., & Siddons, F. (1994). Autism and theory of mind in everyday life. Social 
Development, 3(2), 108–124. https://doi.org/10.1111/j.1467-9507.1994.tb00031.x 
Frodl, T., & Skokauskas, N. (2012). Meta-analysis of structural MRI studies in children and 
adults with attention deficit hyperactivity disorder indicates treatment effects. Acta 
Psychiatrica Scandinavica, 125(2), 114–126. https://doi.org/10.1111/j.1600-
0447.2011.01786.x 
Furukawa, E., Bado, P., Tripp, G., Mattos, P., Wickens, J. R., Bramati, I. E., … Moll, J. 
(2014). Abnormal striatal BOLD responses to reward anticipation and reward 
delivery in ADHD. PloS One, 9(2), e89129. 
https://doi.org/10.1371/journal.pone.0089129 
Garavan, H. (2002). Dissociable Executive Functions in the Dynamic Control of Behavior: 
Inhibition, Error Detection, and Correction. NeuroImage, 17(4), 1820–1829. 
https://doi.org/10.1006/nimg.2002.1326 
Garavan, H., Ross, T. ., Kaufman, J., & Stein, E. . (2003). A midline dissociation between 
error-processing and response-conflict monitoring. NeuroImage, 20(2), 1132–1139. 
https://doi.org/10.1016/S1053-8119(03)00334-3 
Garrett, A., Penniman, L., Epstein, J. N., Casey, B. J., Hinshaw, S. P., Glover, G., … Reiss, 
A. L. (2008). Neuroanatomical Abnormalities in Adolescents With Attention-
Deficit/Hyperactivity Disorder. Journal of the American Academy of Child and 
Adolescent Psychiatry, 47(11), 1321–1328. 
https://doi.org/10.1097/CHI.0b013e318185d285 
Geurts, H. M., Corbett, B., & Solomon, M. (2009). The paradox of cognitive flexibility in 
autism. Trends Cogn Sci, 13(2), 74–82. https://doi.org/10.1016/j.tics.2008.11.006 
Geurts, H. M., & Embrechts, M. (2008). Language Profiles in ASD, SLI, and ADHD. Journal 
of Autism and Developmental Disorders, 38(10), 1931–1943. 
https://doi.org/10.1007/s10803-008-0587-1 
Geurts, H. M., Luman, M., & van Meel, C. S. (2008). What’s in a game: the effect of social 
motivation on interference control in boys with ADHD and autism spectrum 
disorders. Journal of Child Psychology and Psychiatry, 49(8), 848–857. 
https://doi.org/10.1111/j.1469-7610.2008.01916.x 
Geurts, H. M., Sinzig, J., Booth, R., & Happé, F. (2014). Neuropsychological heterogeneity 
in executive functioning in autism spectrum disorders. International Journal of 
Developmental Disabilities, 60(3), 155–162. 
https://doi.org/10.1179/2047387714Y.0000000047 
Geurts, H. M., van den Bergh, S. F. W. M., & Ruzzano, L. (2014). Prepotent response 
inhibition and interference control in autism spectrum disorders: two meta-analyses. 
Autism Research: Official Journal of the International Society for Autism Research, 
7(4), 407–420. https://doi.org/10.1002/aur.1369 
Geurts, H. M., Verte, S., Oosterlaan, J., Roeyers, H., & Sergeant, J. A. (2004). How specific 
are executive functioning deficits in attention deficit hyperactivity disorder and 





Geurts, H. M., & Vissers, M. E. (2012). Elderly with Autism: Executive Functions and 
Memory. Journal of Autism and Developmental Disorders, 42(5), 665–675. 
https://doi.org/10.1007/s10803-011-1291-0 
Ghanizadeh, A. (2010). Factor analysis on ADHD and autism spectrum disorder DSM-IV-
derived items shows lack of overlap. Eur Child Adolesc Psychiatry, 19(10), 797–8. 
https://doi.org/10.1007/s00787-010-0127-3 
Ghanizadeh, A. (2012). Co-morbidity and factor analysis on attention deficit hyperactivity 
disorder and autism spectrum disorder DSM-IV-derived items. Journal of Research 
in Medical Sciences: The Official Journal of Isfahan University of Medical Sciences, 
17(4), 368–372. 
Ghaziuddin, M., Weidmer-Mikhail, E., & Ghaziuddin, N. (1998). Comorbidity of Asperger 
syndrome: a preliminary report. Journal of Intellectual Disability Research: JIDR, 42 
( Pt 4), 279–283. 
Gibbon, J. (1977). Scalar expectancy theory and Weber’s law in animal timing. 
Psychological Review, 84(3), 279–325. https://doi.org/10.1037/0033-295X.84.3.279 
Gibbon, J., Church, R. M., & Meck, W. H. (1984). Scalar timing in memory. Annals of the 
New York Academy of Sciences, 423, 52–77. 
Giedd, J. N., Raznahan, A., Alexander-Bloch, A., Schmitt, E., Gogtay, N., & Rapoport, J. L. 
(2015). Child Psychiatry Branch of the National Institute of Mental Health 
Longitudinal Structural Magnetic Resonance Imaging Study of Human Brain 
Development. Neuropsychopharmacology, 40(1), 43–49. 
https://doi.org/10.1038/npp.2014.236 
Gjervan, B., Torgersen, T., Nordahl, H. M., & Rasmussen, K. (2012). Functional Impairment 
and Occupational Outcome in Adults With ADHD. Journal of Attention Disorders, 
16(7), 544–552. https://doi.org/10.1177/1087054711413074 
Gjevik, E., Eldevik, S., Fjæran-Granum, T., & Sponheim, E. (2011). Kiddie-SADS Reveals 
High Rates of DSM-IV Disorders in Children and Adolescents with Autism Spectrum 
Disorders. Journal of Autism and Developmental Disorders, 41(6), 761–769. 
https://doi.org/10.1007/s10803-010-1095-7 
Goddard, M. N., Swaab, H., Rombouts, S. A. R. B., & van Rijn, S. (2015). Neural systems 
for social cognition: gray matter volume abnormalities in boys at high genetic risk of 
autism symptoms, and a comparison with idiopathic autism spectrum disorder. 
European Archives of Psychiatry and Clinical Neuroscience. 
https://doi.org/10.1007/s00406-015-0623-z 
Godinez, D. A., Willcutt, E. G., Burgess, G. C., Depue, B. E., Andrews-Hanna, J. R., & 
Banich, M. T. (2015). Familial risk and ADHD-specific neural activity revealed by 
case-control, discordant twin pair design. Psychiatry Research-Neuroimaging, 
233(3), 458–465. https://doi.org/10.1010/j.pscychresns.2015.07.019 
Gogtay, N., Giedd, J. N., Lusk, L., Hayashi, K. M., Greenstein, D., Vaituzis, A. C., … 
Thompson, P. M. (2004). Dynamic mapping of human cortical development during 
childhood through early adulthood. Proceedings of the National Academy of 
Sciences, 101(21), 8174–8179. https://doi.org/10.1073/pnas.0402680101 
Goldberg, M. C., Mostofsky, S. H., Cutting, L. E., Mahone, E. M., Astor, B. C., Denckla, M. 
B., & Landa, R. J. (2005). Subtle executive impairment in children with autism and 
children with ADHD. J Autism Dev Disord, 35(3), 279–93. 
Goldberg, M. C., Spinelli, S., Joel, S., Pekar, J. J., Denckla, M. B., & Mostofsky, S. H. 
(2011). Children with high functioning autism show increased prefrontal and 
temporal cortex activity during error monitoring. Developmental Cognitive 
Neuroscience, 1(1), 47–56. https://doi.org/10.1016/j.dcn.2010.07.002 
Goldin, R. L., Matson, J. L., Tureck, K., Cervantes, P. E., & Jang, J. (2013). A comparison of 
tantrum behavior profiles in children with ASD, ADHD and comorbid ASD and 





Goldstein, G., Johnson, C. R., & Minshew, N. J. (2001). Attentional processes in autism. 
Journal of Autism and Developmental Disorders, 31(4), 433–440. 
Goldstein, S., & Schwebach, A. J. (2004). The comorbidity of Pervasive Developmental 
Disorder and Attention Deficit Hyperactivity Disorder: results of a retrospective chart 
review. Journal of Autism and Developmental Disorders, 34(3), 329–339. 
Gomot, M., Belmonte, M. K., Bullmore, E. T., Bernard, F. A., & Baron-Cohen, S. (2008). 
Brain hyper-reactivity to auditory novel targets in children with high-functioning 
autism. Brain, 131(9), 2479–2488. https://doi.org/10.1093/brain/awn172 
Gonzalez-Gadea, M. L., Baez, S., Torralva, T., Castellanos, F. X., Rattazzi, A., Bein, V., … 
Ibanez, A. (2013). Cognitive variability in adults with ADHD and AS: Disentangling 
the roles of executive functions and social cognition. Research in Developmental 
Disabilities, 34(2), 817–830. https://doi.org/10.1016/j.ridd.2012.11.009 
Gooch, D., Snowling, M., & Hulme, C. (2011). Time perception, phonological skills and 
executive function in children with dyslexia and/or ADHD symptoms: Time 
perception in dyslexia and ADHD. Journal of Child Psychology and Psychiatry, 
52(2), 195–203. https://doi.org/10.1111/j.1469-7610.2010.02312.x 
Goodkind, M., Eickhoff, S. B., Oathes, D. J., Jiang, Y., Chang, A., Jones-Hagata, L. B., … 
Etkin, A. (2015). Identification of a Common Neurobiological Substrate for Mental 
Illness. Jama Psychiatry, 72(4), 305–315. 
https://doi.org/10.1001/jamapsychiatry.2014.2206 
Goodman, R., Ford, T., Simmons, H., Gatward, R., & Meltzer, H. (2003). Using the 
Strengths and Difficulties Questionnaire (SDQ) to screen for child psychiatric 
disorders in a community sample. International Review of Psychiatry, 15(1–2), 166–
172. https://doi.org/10.1080/0954026021000046128 
Goodman, S. H., Lahey, B. B., Fielding, B., Dulcan, M., Narrow, W., & Regier, D. (1997). 
Representativeness of clinical samples of youths with mental disorders: a 
preliminary population-based study. Journal of Abnormal Psychology, 106(1), 3–14. 
Gori, I., Giuliano, A., Muratori, F., Saviozzi, I., Oliva, P., Tancredi, R., … Retico, A. (2015). 
Gray Matter Alterations in Young Children with Autism Spectrum Disorders: 
Comparing Morphometry at the Voxel and Regional Level. Journal of Neuroimaging, 
25(6), 866–874. https://doi.org/10.1111/jon.12280 
Gottesman, I. I., & Gould, T. D. (2003). The Endophenotype Concept in Psychiatry: 
Etymology and Strategic Intentions. American Journal of Psychiatry, 160(4), 636–
645. https://doi.org/10.1176/appi.ajp.160.4.636 
Grahn, J. A., & Manly, T. (2012). Common Neural Recruitment across Diverse Sustained 
Attention Tasks. Plos One, 7(11), e49556. 
https://doi.org/10.1371/journal.pone.0049556 
Grant, D. A., & Berg, E. A. (1948). A behavioral analysis of degree of reinforcement and 
ease of shifting to new responses in a Weigl-type card-sorting problem. Journal of 
Experimental Psychology, 38(4), 404–411. 
Gray, K., Keating, C., Taffe, J., Brereton, A., Einfeld, S., & Tonge, B. (2012). Trajectory of 
Behavior and Emotional Problems in Autism. American Journal on Intellectual and 
Developmental Disabilities, 117(2), 121–133. https://doi.org/10.1352/1944-7588-
117-2.121 
Green, M. F., Penn, D. L., Bentall, R., Carpenter, W. T., Gaebel, W., Gur, R. C., … 
Heinssen, R. (2008). Social Cognition in Schizophrenia: An NIMH Workshop on 
Definitions, Assessment, and Research Opportunities. Schizophrenia Bulletin, 34(6), 
1211–1220. https://doi.org/10.1093/schbul/sbm145 
Greimel, E., Nehrkorn, B., Schulte-Ruether, M., Fink, G. R., Nickl-Jockschat, T., Herpertz-
Dahlmann, B., … Eickhoff, S. B. (2013). Changes in grey matter development in 





Greven, C. U., Bralten, J., Mennes, M., O’Dwyer, L., van Hulzen, K. J. E., Rommelse, N., … 
Buitelaar, J. K. (2015). Developmentally Stable Whole-Brain Volume Reductions 
and Developmentally Sensitive Caudate and Putamen Volume Alterations in Those 
With Attention-Deficit/Hyperactivity Disorder and Their Unaffected Siblings. JAMA 
Psychiatry, 72(5), 490. https://doi.org/10.1001/jamapsychiatry.2014.3162 
Groen, W. B., Buitelaar, J. K., van der Gaag, R. J., & Zwiers, M. P. (2011). Pervasive 
microstructural abnormalities in autism: a DTI study. Journal of Psychiatry & 
Neuroscience, 36(1), 32–40. https://doi.org/10.1503/jpn.090100 
Grzadzinski, R., Di Martino, A., Brady, E., Mairena, M. A., O’Neale, M., Petkova, E., … 
Castellanos, F. X. (2011). Examining autistic traits in children with ADHD: does the 
autism spectrum extend to ADHD? Journal of Autism and Developmental Disorders, 
41(9), 1178–1191. https://doi.org/10.1007/s10803-010-1135-3 
Grzadzinski, R., Dick, C., Lord, C., & Bishop, S. (2016). Parent-reported and clinician-
observed autism spectrum disorder (ASD) symptoms in children with attention 
deficit/hyperactivity disorder (ADHD): implications for practice under DSM-5. 
Molecular Autism, 7(1). https://doi.org/10.1186/s13229-016-0072-1 
Guimarães-da-Silva, P. O., Silva, K. L., Grevet, E. H., Salgado, C. A. I., Karam, R. G., Victor, 
M. M., … Bau, C. H. D. (2012). Does age of onset of impairment impact on 
neuropsychological and personality features of adult ADHD? Journal of Psychiatric 
Research, 46(10), 1307–1311. https://doi.org/10.1016/j.jpsychires.2012.06.010 
Gur, R. C., Turetsky, B. I., Loughead, J., Waxman, J., Snyder, W., Ragland, J. D., … Gur, R. 
E. (2007). Hemodynamic responses in neural circuitries for detection of visual target 
and novelty: An event-related fMRI study. Human Brain Mapping, 28(4), 263–274. 
https://doi.org/10.1002/hbm.20319 
Gutyrchik, E., Churan, J., Meindl, T., Bokde, A. L. W., von Bernewitz, H., Born, C., … 
Wittmann, M. (2010). Functional neuroimaging of duration discrimination on two 
different time scales. Neuroscience Letters, 469(3), 411–415. 
https://doi.org/10.1016/j.neulet.2009.12.040 
Hajcak, G. (2012). What We’ve Learned From Mistakes: Insights From Error-Related Brain 
Activity. Current Directions in Psychological Science, 21(2), 101–106. 
https://doi.org/10.1177/0963721412436809 
Halmøy, A., Fasmer, O. B., Gillberg, C., & Haavik, J. (2009). Occupational Outcome in Adult 
ADHD: Impact of Symptom Profile, Comorbid Psychiatric Problems, and Treatment: 
A Cross-Sectional Study of 414 Clinically Diagnosed Adult ADHD Patients. Journal 
of Attention Disorders, 13(2), 175–187. https://doi.org/10.1177/1087054708329777 
Halperin, J. M., Trampush, J. W., Miller, C. J., Marks, D. J., & Newcorn, J. H. (2008). 
Neuropsychological outcome in adolescents/young adults with childhood ADHD: 
profiles of persisters, remitters and controls. Journal of Child Psychology and 
Psychiatry, 49(9), 958–966. https://doi.org/10.1111/j.1469-7610.2008.01926.x 
Hampshire, A., Chamberlain, S. R., Monti, M. M., Duncan, J., & Owen, A. M. (2010). The 
role of the right inferior frontal gyrus: inhibition and attentional control. NeuroImage, 
50(3), 1313–1319. https://doi.org/10.1016/j.neuroimage.2009.12.109 
Happé, F. G. (1994). An advanced test of theory of mind: understanding of story characters’ 
thoughts and feelings by able autistic, mentally handicapped, and normal children 
and adults. Journal of Autism and Developmental Disorders, 24(2), 129–154. 
Happé, F. G. (2011). Criteria, Categories, and Continua: Autism and Related Disorders in 
DSM-5. Journal of the American Academy of Child & Adolescent Psychiatry, 50(6), 
540–542. https://doi.org/10.1016/j.jaac.2011.03.015 
Happé, F. G., Booth, R., Charlton, R., & Hughes, C. (2006). Executive function deficits in 
autism spectrum disorders and attention-deficit/hyperactivity disorder: Examining 





Happé, F. G., & Frith, U. (2006). The weak coherence account: detail-focused cognitive style 
in autism spectrum disorders. J Autism Dev Disord, 36(1), 5–25. 
https://doi.org/10.1007/s10803-005-0039-0 
Happé, F. G., & Ronald, A. (2008). The “Fractionable Autism Triad”: A Review of Evidence 
from Behavioural, Genetic, Cognitive and Neural Research. Neuropsychology 
Review, 18(4), 287–304. https://doi.org/10.1007/s11065-008-9076-8 
Happé, F. G., Ronald, A., & Plomin, R. (2006). Time to give up on a single explanation for 
autism. Nat Neurosci, 9(10), 1218–20. https://doi.org/10.1038/nn1770 
Hardan, A. Y., Girgis, R. R., Adams, J., Gilbert, A. R., Keshavan, M. S., & Minshew, N. J. 
(2006). Abnormal brain size effect on the thalamus in autism. Psychiatry Research: 
Neuroimaging, 147(2–3), 145–151. 
https://doi.org/10.1016/j.pscychresns.2005.12.009 
Hardan, A. Y., Girgis, R. R., Adams, J., Gilbert, A. R., Melhem, N. M., Keshavan, M. S., & 
Minshew, N. J. (2008). Brief Report: Abnormal Association Between the Thalamus 
and Brain Size in Asperger’s Disorder. Journal of Autism and Developmental 
Disorders, 38(2), 390–394. https://doi.org/10.1007/s10803-007-0385-1 
Harfterkamp, M., Buitelaar, J. K., Minderaa, R. B., van de Loo-Neus, G., van der Gaag, R.-
J., & Hoekstra, P. J. (2014). Atomoxetine in autism spectrum disorder: no effects on 
social functioning; some beneficial effects on stereotyped behaviors, inappropriate 
speech, and fear of change. Journal of Child and Adolescent Psychopharmacology, 
24(9), 481–485. https://doi.org/10.1089/cap.2014.0026 
Harfterkamp, M., van de Loo-Neus, G., Minderaa, R. B., van der Gaag, R.-J., Escobar, R., 
Schacht, A., … Hoekstra, P. J. (2012). A Randomized Double-Blind Study of 
Atomoxetine Versus Placebo for Attention-Deficit/Hyperactivity Disorder Symptoms 
in Children With Autism Spectrum Disorder. Journal of the American Academy of 
Child & Adolescent Psychiatry, 51(7), 733–741. 
https://doi.org/10.1016/j.jaac.2012.04.011 
Harris, J. M., Best, C. S., Moffat, V. J., Spencer, M. D., Philip, R. C. M., Power, M. J., & 
Johnstone, E. C. (2008). Autistic traits and cognitive performance in young people 
with mild intellectual impairment. Journal of Autism and Developmental Disorders, 
38(7), 1241–1249. https://doi.org/10.1007/s10803-007-0502-1 
Harsay, H. A., Spaan, M., Wijnen, J. G., & Ridderinkhof, K. R. (2012). Error Awareness and 
Salience Processing in the Oddball Task: Shared Neural Mechanisms. Frontiers in 
Human Neuroscience, 6. https://doi.org/10.3389/fnhum.2012.00246 
Hart, H., Chantiluke, K., Cubillo, A. I., Smith, A. B., Simmons, A., Brammer, M. J., … Rubia, 
K. (2014). Pattern classification of response inhibition in ADHD: Toward the 
development of neurobiological markers for ADHD. Human Brain Mapping, 35(7), 
3083–3094. https://doi.org/10.1002/hbm.22386 
Hart, H., Marquand, A. F., Smith, A., Cubillo, A., Simmons, A., Brammer, M., & Rubia, K. 
(2014). Predictive Neurofunctional Markers of Attention-Deficit/Hyperactivity 
Disorder Based on Pattern Classification of Temporal Processing. Journal of the 
American Academy of Child & Adolescent Psychiatry, 53(5), 569–578.e1. 
https://doi.org/10.1016/j.jaac.2013.12.024 
Hart, H., Radua, J., Mataix-Cols, D., & Rubia, K. (2012). Meta-analysis of fMRI studies of 
timing in attention-deficit hyperactivity disorder (ADHD). Neuroscience & 
Biobehavioral Reviews, 36(10), 2248–2256. 
https://doi.org/10.1016/j.neubiorev.2012.08.003 
Hart, H., Radua, J., Nakao, T., Mataix-Cols, D., & Rubia, K. (2013). Meta-analysis of 
functional magnetic resonance imaging studies of inhibition and attention in 
attention-deficit/hyperactivity disorder: exploring task-specific, stimulant medication, 





Hartman, C. A., Geurts, H. M., Franke, B., Buitelaar, J. K., & Rommelse, N. N. J. (2016). 
Changing ASD-ADHD symptom co-occurrence across the lifespan with adolescence 
as crucial time window: illustrating the need to go beyond childhood. Neuroscience 
& Biobehavioral Reviews. https://doi.org/10.1016/j.neubiorev.2016.09.003 
Hashimoto, T., Tayama, M., Miyazaki, M., Murakawa, K., & Kuroda, Y. (1993). Brainstem 
and cerebellar vermis involvement in autistic children. Journal of Child Neurology, 
8(2), 149–153. 
He, N., Li, F., Li, Y., Guo, L., Chen, L., Huang, X., … Gong, Q. (2015). Neuroanatomical 
deficits correlate with executive dysfunction in boys with attention deficit 
hyperactivity disorder. Neuroscience Letters, 600, 45–49. 
https://doi.org/10.1016/j.neulet.2015.05.062 
Heaton, R. K., & Staff, P. A. R. (2003). Wisconsin card sorting test-64: Computer version 2-
research edition (WCST-64:CV2). Lutz, FL: Psychological Assessment Resources. 
Heavey, L., Phillips, W., Baron-Cohen, S., & Rutter, M. (2000). The Awkward Moments Test: 
a naturalistic measure of social understanding in autism. J Autism Dev Disord, 
30(3), 225–36. 
Hester, R., Foxe, J. J., Molholm, S., Shpaner, M., & Garavan, H. (2005). Neural mechanisms 
involved in error processing: A comparison of errors made with and without 
awareness. NeuroImage, 27(3), 602–608. 
https://doi.org/10.1016/j.neuroimage.2005.04.035 
Hill, E. L. (2004). Executive dysfunction in autism. Trends in Cognitive Sciences, 8(1), 26–
32. 
Hill, E. L., & Bird, C. M. (2006). Executive processes in Asperger syndrome: patterns of 
performance in a multiple case series. Neuropsychologia, 44(14), 2822–2835. 
https://doi.org/10.1016/j.neuropsychologia.2006.06.007 
Hill, J., & Schoener, E. P. (1996). Age-dependent decline of attention deficit hyperactivity 
disorder. The American Journal of Psychiatry, 153(9), 1143–1146. 
https://doi.org/10.1176/ajp.153.9.1143 
Hobson, R. P. (1986a). The autistic child’s appraisal of expressions of emotion. Journal of 
Child Psychology and Psychiatry, and Allied Disciplines, 27(3), 321–342. 
Hobson, R. P. (1986b). The autistic child’s appraisal of expressions of emotion: a further 
study. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 27(5), 
671–680. 
Hodge, S. M., Makris, N., Kennedy, D. N., Caviness, V. S., Howard, J., McGrath, L., … 
Harris, G. J. (2010). Cerebellum, language, and cognition in autism and specific 
language impairment. Journal of Autism and Developmental Disorders, 40(3), 300–
316. https://doi.org/10.1007/s10803-009-0872-7 
Hoekzema, E., Carmona, S., Ramos-Quiroga, J. A., Richarte Fernández, V., Bosch, R., 
Soliva, J. C., … Vilarroya, O. (2014). An independent components and functional 
connectivity analysis of resting state fMRI data points to neural network 
dysregulation in adult ADHD. Human Brain Mapping, 35(4), 1261–1272. 
https://doi.org/10.1002/hbm.22250 
Hoekzema, E., Carmona, S., Tremols, V., Domingo Gispert, J., Guitart, M., Fauquet, J., … 
Vilarroya, O. (2010). Enhanced Neural Activity in Frontal and Cerebellar Circuits 
After Cognitive Training in Children with Attention-Deficit/Hyperactivity Disorder. 
Human Brain Mapping, 31(12), 1942–1950. https://doi.org/10.1002/hbm.20988 
Hofvander, B., Delorme, R., Chaste, P., Nydén, A., Wentz, E., Ståhlberg, O., … Leboyer, M. 
(2009). Psychiatric and psychosocial problems in adults with normal-intelligence 
autism spectrum disorders. BMC Psychiatry, 9, 35. https://doi.org/10.1186/1471-
244X-9-35 
Holmboe, K., Rijsdijk, F. V., Hallett, V., Happé, F., Plomin, R., & Ronald, A. (2014). Strong 




American Academy of Child & Adolescent Psychiatry, 53(2), 221–230. 
https://doi.org/10.1016/j.jaac.2013.11.001 
Holtmann, M., Bölte, S., & Poustka, F. (2007). Attention Deficit Hyperactivity Disorder 
Symptoms in Pervasive Developmental Disorders: Association with Autistic 
Behavior Domains and Coexisting Psychopathology. Psychopathology, 40(3), 172–
177. https://doi.org/10.1159/000100007 
Hoogman, M., ENIGMA group, Rubia, K., & Franke, B. (2017). Subcortical brain volume 
differences of participants with ADHD across the lifespan: an ENIGMA collaboration. 
The Lancet Psychiatry, in press. 
Hove, M. J., Zeffiro, T. A., Biederman, J., Li, Z., Schmahmann, J., & Valera, E. M. (2015). 
Postural sway and regional cerebellar volume in adults with attention-
deficit/hyperactivity disorder. NeuroImage: Clinical, 8, 422–428. 
https://doi.org/10.1016/j.nicl.2015.05.005 
Howlin, P., Moss, P., Savage, S., & Rutter, M. (2013). Social Outcomes in Mid- to Later 
Adulthood Among Individuals Diagnosed With Autism and Average Nonverbal IQ as 
Children. Journal of the American Academy of Child & Adolescent Psychiatry, 52(6), 
572–581.e1. https://doi.org/10.1016/j.jaac.2013.02.017 
Huang, J., Yang, B., Zou, X., Jing, J., Pen, G., McAlonan, G. M., & Chan, R. C. K. (2012). 
Temporal processing impairment in children with attention-deficit-hyperactivity 
disorder. Research in Developmental Disabilities, 33(2), 538–548. 
https://doi.org/10.1016/j.ridd.2011.10.021 
Huang-Pollock, C. L., Karalunas, S. L., Tam, H., & Moore, A. N. (2012). Evaluating vigilance 
deficits in ADHD: A meta-analysis of CPT performance. Journal of Abnormal 
Psychology, 121(2), 360–371. https://doi.org/10.1037/a0027205 
Hughes, C. (1998). Finding your marbles: does preschoolers’ strategic behavior predict later 
understanding of mind? Developmental Psychology, 34(6), 1326–1339. 
Hughes, M., Budd, T. W., Fulham, W. R., Lancaster, S., Woods, W., Rossell, S. L., & Michie, 
P. T. (2014). Sustained brain activation supporting stop-signal task performance. 
European Journal of Neuroscience, 39(8), 1363–1369. 
https://doi.org/10.1111/ejn.12497 
Hurwitz, S., & Watson, L. R. (2015). Joint attention revisited: Finding strengths among 
children with autism. Autism. https://doi.org/10.1177/1362361315593536 
Hus, V., Bishop, S., Gotham, K., Huerta, M., & Lord, C. (2013). Factors influencing scores 
on the social responsiveness scale: Factors influencing the SRS. Journal of Child 
Psychology and Psychiatry, 54(2), 216–224. https://doi.org/10.1111/j.1469-
7610.2012.02589.x 
Hwang, S., White, S. F., Nolan, Z. T., Craig Williams, W., Sinclair, S., & Blair, R. J. R. 
(2015). Executive attention control and emotional responding in attention-
deficit/hyperactivity disorder - A functional MRI study. NeuroImage: Clinical, 9, 545–
554. https://doi.org/10.1016/j.nicl.2015.10.005 
Hyde, K. L., Samson, F., Evans, A. C., & Mottron, L. (2010). Neuroanatomical differences in 
brain areas implicated in perceptual and other core features of autism revealed by 
cortical thickness analysis and voxel-based morphometry. Human Brain Mapping, 
31(4), 556–566. https://doi.org/10.1002/hbm.20887 
Iannaccone, R., Hauser, T. U., Ball, J., Brandeis, D., Walitza, S., & Brem, S. (2015). 
Classifying adolescent attention-deficit/hyperactivity disorder (ADHD) based on 
functional and structural imaging. European Child & Adolescent Psychiatry, 24(10), 
1279–1289. https://doi.org/10.1007/s00787-015-0678-4 
IBM Corp. (2013). IBM SPSS Statistics for Windows, Version 22.0 (Version 22.0). Armonk, 




Idring, S., Rai, D., Dal, H., Dalman, C., Sturm, H., Zander, E., … Magnusson, C. (2012). 
Autism Spectrum Disorders in the Stockholm Youth Cohort: Design, Prevalence and 
Validity. PLoS ONE, 7(7), e41280. https://doi.org/10.1371/journal.pone.0041280 
Ioannidis, A. E., Kimiskidis, V. K., Loukopoulou, E., Geroukis, T., Vlaikidis, N., & Kosmidis, 
M. H. (2013). Apathy, cognitive dysfunction and impaired social cognition in a 
patient with bilateral thalamic infarction. Neurocase, 19(5), 513–520. 
https://doi.org/10.1080/13554794.2012.701645 
Itahashi, T., Yamada, T., Nakamura, M., Watanabe, H., Yamagata, B., Jimbo, D., … 
Hashimoto, R. (2015). Linked alterations in gray and white matter morphology in 
adults with high-functioning autism spectrum disorder: a multimodal brain imaging 
study. NeuroImage. Clinical, 7, 155–169. https://doi.org/10.1016/j.nicl.2014.11.019 
Jang, J., Matson, J. L., Williams, L. W., Tureck, K., Goldin, R. L., & Cervantes, P. E. (2013). 
Rates of comorbid symptoms in children with ASD, ADHD, and comorbid ASD and 
ADHD. Research in Developmental Disabilities, 34(8), 2369–2378. 
https://doi.org/10.1016/j.ridd.2013.04.021 
Janssen, T. W. P., Heslenfeld, D. J., Mourik, R. V., Logan, G. D., & Oosterlaan, J. (2015). 
Neural correlates of response inhibition in children with attention-deficit/hyperactivity 
disorder: A controlled version of the stop-signal task. Psychiatry Research - 
Neuroimaging, 233(2), 278–284. https://doi.org/10.1016/j.pscychresns.2015.07.007 
Jensen, V. K., Larrieu, J. A., & Mack, K. K. (1997). Differential diagnosis between attention-
deficit/hyperactivity disorder and pervasive developmental disorder--not otherwise 
specified. Clin Pediatr (Phila), 36(10), 555–61. 
Johnson, K. A., Robertson, I. H., Kelly, S. P., Silk, T. J., Barry, E., Dáibhis, A., … Bellgrove, 
M. A. (2007). Dissociation in performance of children with ADHD and high-
functioning autism on a task of sustained attention. Neuropsychologia, 45(10), 
2234–2245. https://doi.org/10.1016/j.neuropsychologia.2007.02.019 
Johnston, B. A., Mwangi, B., Matthews, K., Coghill, D., Konrad, K., & Steele, J. D. (2014). 
Brainstem abnormalities in attention deficit hyperactivity disorder support high 
accuracy individual diagnostic classification: Brainstem Abnormality in ADHD. 
Human Brain Mapping, 35(10), 5179–5189. https://doi.org/10.1002/hbm.22542 
Johnston, K., Dittner, A., Bramham, J., Murphy, C., Knight, A., & Russell, A. (2013). 
Attention deficit hyperactivity disorder symptoms in adults with autism spectrum 
disorders. Autism Res, 6(4), 225–36. https://doi.org/10.1002/aur.1283 
Johnston, K., Madden, A. K., Bramham, J., & Russell, A. J. (2011). Response Inhibition in 
Adults with Autism Spectrum Disorder Compared to Attention Deficit/Hyperactivity 
Disorder. Journal of Autism and Developmental Disorders, 41(7), 903–912. 
https://doi.org/10.1007/s10803-010-1113-9 
Jones, C. R., Happé, F., Baird, G., Simonoff, E., Marsden, A. J., Tregay, J., … Charman, T. 
(2009). Auditory discrimination and auditory sensory behaviours in autism spectrum 
disorders. Neuropsychologia, 47(13), 2850–8. 
https://doi.org/10.1016/j.neuropsychologia.2009.06.015 
Jones, C. R., Pickles, A., Falcaro, M., Marsden, A. J. S., Happé, F., Scott, S. K., … 
Charman, T. (2011). A multimodal approach to emotion recognition ability in autism 
spectrum disorders. Journal of Child Psychology and Psychiatry, 52(3), 275–285. 
https://doi.org/10.1111/j.1469-7610.2010.02328.x 
Jones, C. R., Swettenham, J., Charman, T., Marsden, A. J. S., Tregay, J., Baird, G., … 
Happé, F. (2011). No Evidence for a Fundamental Visual Motion Processing Deficit 
In Adolescents with Autism Spectrum Disorders. Autism Research, 4(5), 347–357. 
https://doi.org/10.1002/Aur.209 
Joseph, R. M., & Tager–Flusberg, H. (2004). The relationship of theory of mind and 
executive functions to symptom type and severity in children with autism. 





Joshi, G., Faraone, S. V., Wozniak, J., Tarko, L., Fried, R., Galdo, M., … Biederman, J. 
(2014). Symptom Profile of ADHD in Youth With High-Functioning Autism Spectrum 
Disorder: A Comparative Study in Psychiatrically Referred Populations. Journal of 
Attention Disorders. https://doi.org/10.1177/1087054714543368 
Joshi, G., Wozniak, J., Petty, C., Martelon, M. K., Fried, R., Bolfek, A., … Biederman, J. 
(2013). Psychiatric Comorbidity and Functioning in a Clinically Referred Population 
of Adults with Autism Spectrum Disorders: A Comparative Study. Journal of Autism 
and Developmental Disorders, 43(6), 1314–1325. https://doi.org/10.1007/s10803-
012-1679-5 
Jung, M., Mody, M., Saito, D. N., Tomoda, A., Okazawa, H., Wada, Y., & Kosaka, H. (2015). 
Sex Differences in the Default Mode Network with Regard to Autism Spectrum 
Traits: A Resting State fMRI Study. PloS One, 10(11), e0143126. 
https://doi.org/10.1371/journal.pone.0143126 
Jurado, M. B., & Rosselli, M. (2007). The Elusive Nature of Executive Functions: A Review 
of our Current Understanding. Neuropsychology Review, 17(3), 213–233. 
https://doi.org/10.1007/s11065-007-9040-z 
Kaat, A. J., Gadow, K. D., & Lecavalier, L. (2013). Psychiatric Symptom Impairment in 
Children with Autism Spectrum Disorders. Journal of Abnormal Child Psychology, 
41(6), 959–969. https://doi.org/10.1007/s10802-013-9739-7 
Kado, Y., Sanada, S., Yanagihara, M., Ogino, T., Ohno, S., Watanabe, K., … Ohtsuka, Y. 
(2012). Executive function in children with pervasive developmental disorder and 
attention-deficit/hyperactivity disorder assessed by the Keio version of the 
Wisconsin card sorting test. Brain and Development, 34(5), 354–359. 
https://doi.org/10.1016/j.braindev.2011.08.008 
Kaland, N., Callesen, K., Møller-Nielsen, A., Mortensen, E. L., & Smith, L. (2008). 
Performance of Children and Adolescents with Asperger Syndrome or High-
functioning Autism on Advanced Theory of Mind Tasks. Journal of Autism and 
Developmental Disorders, 38(6), 1112–1123. https://doi.org/10.1007/s10803-007-
0496-8 
Kana, R. K., Keller, T. A., Cherkassky, V. L., Minshew, N. J., & Just, M. A. (2009). Atypical 
frontal-posterior synchronization of Theory of Mind regions in autism during mental 
state attribution. Social Neuroscience, 4(2), 135–152. 
https://doi.org/10.1080/17470910802198510 
Kana, R. K., Keller, T. A., Minshew, N. J., & Just, M. A. (2007). Inhibitory control in high-
functioning autism: decreased activation and underconnectivity in inhibition 
networks. Biological Psychiatry, 62(3), 198–206. 
https://doi.org/10.1016/j.biopsych.2006.08.004 
Kana, R. K., Maximo, J. O., Williams, D. L., Keller, T. A., Schipul, S. E., Cherkassky, V. L., 
… Just, M. A. (2015). Aberrant functioning of the theory-of-mind network in children 
and adolescents with autism. Molecular Autism, 6, 59. 
https://doi.org/10.1186/s13229-015-0052-x 
Kanne, S. M., Abbacchi, A. M., & Constantino, J. N. (2009). Multi-informant Ratings of 
Psychiatric Symptom Severity in Children with Autism Spectrum Disorders: The 
Importance of Environmental Context. Journal of Autism and Developmental 
Disorders, 39(6), 856–864. https://doi.org/10.1007/s10803-009-0694-7 
Kanner, L. (1943). Autistic disturbances of affective contact. Nervous Child, 2, 217–50. 
Kappel, V., Lorenz, R. C., Streifling, M., Renneberg, B., Lehmkuhl, U., Stroehle, A., … Beck, 
A. (2015). Effect of brain structure and function on reward anticipation in children 
and adults with attention deficit hyperactivity disorder combined subtype. Social 
Cognitive and Affective Neuroscience, 10(7), 945–951. 
https://doi.org/10.1093/scan/nsu135 
Karam, R. G., Bau, C. H. D., Salgado, C. A. I., Kalil, K. L. S., Victor, M. M., Sousa, N. O., … 




Journal of Psychiatric Research, 43(7), 697–701. 
https://doi.org/10.1016/j.jpsychires.2008.10.001 
Karch, S., Thalmeier, T., Lutz, J., Cerovecki, A., Opgen-Rhein, M., Hock, B., … Pogarell, O. 
(2010). Neural correlates (ERP/fMRI) of voluntary selection in adult ADHD patients. 
European Archives of Psychiatry and Clinical Neuroscience, 260(5), 427–440. 
https://doi.org/10.1007/s00406-009-0089-y 
Karhson, D. S., & Golob, E. J. (2016). Atypical sensory reactivity influences auditory 
attentional control in adults with autism spectrum disorders: Reactivity and ASD 
Attention. Autism Research, 9(10), 1079–1092. https://doi.org/10.1002/aur.1593 
Kasper, L. J., Alderson, R. M., & Hudec, K. L. (2012). Moderators of working memory deficits 
in children with attention-deficit/hyperactivity disorder (ADHD): a meta-analytic 
review. Clin Psychol Rev, 32(7), 605–17. https://doi.org/10.1016/j.cpr.2012.07.001 
Katuwal, G. J., Baum, S. A., Cahill, N. D., & Michael, A. M. (2016). Divide and Conquer: 
Sub-Grouping of ASD Improves ASD Detection Based on Brain Morphometry. 
PLOS ONE, 11(4), e0153331. https://doi.org/10.1371/journal.pone.0153331 
Kaufmann, L., Zotter, S., Pixner, S., Starke, M., Haberlandt, E., Steinmayr-Gensluckner, M., 
… Marksteiner, J. (2013). Brief report: CANTAB performance and brain structure in 
pediatric patients with Asperger syndrome. Journal of Autism and Developmental 
Disorders, 43(6), 1483–1490. https://doi.org/10.1007/s10803-012-1686-6 
Ke, X., Hong, S., Tang, T., Zou, B., Li, H., Hang, Y., … Liu, Y. (2008). Voxel-based 
morphometry study on brain structure in children with high-functioning autism. 
Neuroreport, 19(9), 921–925. https://doi.org/10.1097/WNR.0b013e328300edf3 
Keehn, B., Vogel-Farley, V., Tager-Flusberg, H., & Nelson, C. A. (2015). Atypical 
Hemispheric Specialization for Faces in Infants at Risk for Autism Spectrum 
Disorder: Atypical lateralization in high-risk infants. Autism Research, 8(2), 187–198. 
https://doi.org/10.1002/aur.1438 
Kemner, C., Verbaten, M. N., Koelega, H. S., Camfferman, G., & van Engeland, H. (1998). 
Are abnormal event-related potentials specific to children with ADHD? A comparison 
with two clinical groups. Perceptual and Motor Skills, 87(3 Pt 1), 1083–1090. 
https://doi.org/10.2466/pms.1998.87.3.1083 
Kendler, K. S., & Neale, M. C. (2010). Endophenotype: a conceptual analysis. Molecular 
Psychiatry, 15(8), 789–797. https://doi.org/10.1038/mp.2010.8 
Kennedy, D. P., Redcay, E., & Courchesne, E. (2006). Failing to deactivate: Resting 
functional abnormalities in autism. Proceedings of the National Academy of 
Sciences of the United States of America, 103(21), 8275–8280. 
https://doi.org/10.1073/pnas.0600674103 
Kenworthy, L., Black, D. O., Harrison, B., della Rosa, A., & Wallace, G. L. (2009). Are 
Executive Control Functions Related to Autism Symptoms in High-Functioning 
Children? Child Neuropsychology, 15(5), 425–440. 
https://doi.org/10.1080/09297040802646983 
Kenworthy, L., Wallace, G. L., Birn, R., Milleville, S. C., Case, L. K., Bandettini, P. A., & 
Martin, A. (2013). Aberrant neural mediation of verbal fluency in autism spectrum 
disorders. Brain and Cognition, 83(2), 218–226. 
https://doi.org/10.1016/j.bandc.2013.08.003 
Kenworthy, L., Yerys, B. E., Anthony, L. G., & Wallace, G. L. (2008). Understanding 
executive control in autism spectrum disorders in the lab and in the real world. 
Neuropsychol Rev, 18(4), 320–38. https://doi.org/10.1007/s11065-008-9077-7 
Kessler, R. C., Adler, L., Barkley, R., Biederman, J., Conners, C. K., Demler, O., … 
Zaslavsky, A. M. (2006). The prevalence and correlates of adult ADHD in the United 
States: Results from the National Comorbidity Survey Replication. American Journal 




Kessler, R. C., Lane, M., Stang, P. E., & Van Brunt, D. L. (2009). The prevalence and 
workplace costs of adult attention deficit hyperactivity disorder in a large 
manufacturing firm. Psychological Medicine, 39(1), 137–147. 
https://doi.org/10.1017/S0033291708003309 
Kinsbourne, M. (1973). Minimal brain dysfunction as a neurodevelopmental lag. Annals of 
the New York Academy of Sciences, 205, 268–273. 
Klein, T. A., Endrass, T., Kathmann, N., Neumann, J., von Cramon, D. Y., & Ullsperger, M. 
(2007). Neural correlates of error awareness. NeuroImage, 34(4), 1774–1781. 
https://doi.org/10.1016/j.neuroimage.2006.11.014 
Klein, T. A., Ullsperger, M., & Danielmeier, C. (2013). Error awareness and the insula: links 
to neurological and psychiatric diseases. Frontiers in Human Neuroscience, 7. 
https://doi.org/10.3389/fnhum.2013.00014 
Kleinhans, N. M., Müller, R.-A., Cohen, D. N., & Courchesne, E. (2008). Atypical functional 
lateralization of language in autism spectrum disorders. Brain Research, 1221, 115–
125. https://doi.org/10.1016/j.brainres.2008.04.080 
Klin, A., Lang, J., Cicchetti, D. V., & Volkmar, F. R. (2000). Brief report: Interrater reliability of 
clinical diagnosis and DSM-IV criteria for autistic disorder: results of the DSM-IV 
autism field trial. Journal of Autism and Developmental Disorders, 30(2), 163–167. 
Klin, A., Pauls, D., Schultz, R., & Volkmar, F. (2005). Three Diagnostic Approaches to 
Asperger Syndrome: Implications for Research. Journal of Autism and 
Developmental Disorders, 35(2), 221–234. https://doi.org/10.1007/s10803-004-
2001-y 
Kobel, M., Bechtel, N., Specht, K., Klarhoefer, M., Weber, P., Scheffler, K., … Penner, I.-K. 
(2010). Structural and functional imaging approaches in attention 
deficit/hyperactivity disorder: Does the temporal lobe play a key role? Psychiatry 
Research-Neuroimaging, 183(3), 230–236. 
https://doi.org/10.1016/j.pscychresns.2010.03.010 
Kochhar, P., Batty, M. J., Liddle, E. B., Groom, M. J., Scerif, G., Liddle, P. F., & Hollis, C. P. 
(2011). Autistic spectrum disorder traits in children with attention deficit hyperactivity 
disorder. Child: Care, Health and Development, 37(1), 103–110. 
https://doi.org/10.1111/j.1365-2214.2010.01123.x 
Kohls, G., Thönessen, H., Bartley, G. K., Grossheinrich, N., Fink, G. R., Herpertz-Dahlmann, 
B., & Konrad, K. (2014). Differentiating neural reward responsiveness in autism 
versus ADHD. Developmental Cognitive Neuroscience, 10, 104–116. 
https://doi.org/10.1016/j.dcn.2014.08.003 
Kolar, D., Keller, A., Golfinopoulos, M., Cumyn, L., Syer, C., & Hechtman, L. (2008). 
Treatment of adults with attention-deficit/hyperactivity disorder. Neuropsychiatric 
Disease and Treatment, 4(1), 107–121. 
Konrad, K., Neufang, S., Fink, G., & Herpetz-Dahlmann, B. (2007). Long-Term Effects of 
Methylphenidate on Neural Networks Associated With Executive Attention in 
Children With ADHD: Results From a Longitudinal Functional {MRI} Study. Journal 
of the American Academy of Child & Adolescent Psychiatry, 46(12), 1633–1641. 
https://doi.org/http://dx.doi.org/10.1097/chi.0b013e318157cb3b 
Konrad, K., Neufang, S., Hanisch, C., Fink, G. R., & Herpertz-Dahlmann, B. (2006). 
Dysfunctional attentional networks in children with attention deficit/hyperactivity 
disorder: Evidence from an event-related functional magnetic resonance imaging 
study. Biological Psychiatry, 59(7), 643–651. 
https://doi.org/10.1016/j.biopsych.2005.08.013 
Kooij, J. J. S. (2013). Adult ADHD: diagnostic assessment and treatment (Third edition). 
London ; New York: Springer. 
Kooij, J. J. S., Bejerot, S., Blackwell, A., Caci, H., Casas-Brugué, M., Carpentier, P. J., … 




adult ADHD: The European Network Adult ADHD. BMC Psychiatry, 10(1). 
https://doi.org/10.1186/1471-244X-10-67 
Kooij, J. J. S., Marije Boonstra, A., Swinkels, S. H., Bekker, E. M., de Noord, I., & Buitelaar, 
J. K. (2008). Reliability, validity, and utility of instruments for self-report and 
informant report concerning symptoms of ADHD in adult patients. J Atten Disord, 
11(4), 445–58. https://doi.org/10.1177/1087054707299367 
Kooij, J. J. S., Middelkoop, H. A., van Gils, K., & Buitelaar, J. K. (2001). The effect of 
stimulants on nocturnal motor activity and sleep quality in adults with ADHD: an 
open-label case-control study. The Journal of Clinical Psychiatry, 62(12), 952–956. 
Kooistra, L., van der Meere, J. J., Edwards, J. D., Kaplan, B. J., Crawford, S., & Goodyear, 
B. G. (2010). Preliminary fMRI findings on the effects of event rate in adults with 
ADHD. Journal of Neural Transmission, 117(5), 655–662. 
https://doi.org/10.1007/s00702-010-0374-y 
Kopec, C. D., & Brody, C. D. (2010). Human performance on the temporal bisection task. 
Brain and Cognition, 74(3), 262–272. https://doi.org/10.1016/j.bandc.2010.08.006 
Kosaka, H., Omori, M., Munesue, T., Ishitobi, M., Matsumura, Y., Takahashi, T., … Wada, Y. 
(2010). Smaller insula and inferior frontal volumes in young adults with pervasive 
developmental disorders. NeuroImage, 50(4), 1357–1363. 
https://doi.org/10.1016/j.neuroimage.2010.01.085 
Kringelbach, M. L. (2005). The human orbitofrontal cortex: linking reward to hedonic 
experience. Nature Reviews Neuroscience, 6(9), 691–702. 
https://doi.org/10.1038/nrn1747 
Kuijper, S. J. M., Hartman, C. A., & Hendriks, P. (2015). Who Is He? Children with ASD and 
ADHD Take the Listener into Account in Their Production of Ambiguous Pronouns. 
PLOS ONE, 10(7), e0132408. https://doi.org/10.1371/journal.pone.0132408 
Kuiper, M. W. M., Verhoeven, E. W. M., & Geurts, H. M. (2016). The role of interstimulus 
interval and “Stimulus-type” in prepotent response inhibition abilities in people with 
ASD: A quantitative and qualitative review. Autism Research: Official Journal of the 
International Society for Autism Research. https://doi.org/10.1002/aur.1631 
Kuntsi, J., Andreou, P., Ma, J., Börger, N., & Van Der Meere, J. (2005). Testing assumptions 
for endophenotype studies in ADHD: Reliability and validity of tasks in a general 
population sample. BMC Psychiatry, 5(40). 
Kuntsi, J., Eley, T. C., Taylor, A., Hughes, C., Asherson, P., Caspi, A., & Moffitt, T. E. (2004). 
Co-occurrence of ADHD and low IQ has genetic origins. American Journal of 
Medical Genetics. Part B, Neuropsychiatric Genetics: The Official Publication of the 
International Society of Psychiatric Genetics, 124B(1), 41–47. 
https://doi.org/10.1002/ajmg.b.20076 
Kurth, F., Narr, K. L., Woods, R. P., O’Neill, J., Alger, J. R., Caplan, R., … Levitt, J. G. 
(2011). Diminished gray matter within the hypothalamus in autism disorder: a 
potential link to hormonal effects? Biological Psychiatry, 70(3), 278–282. 
https://doi.org/10.1016/j.biopsych.2011.03.026 
Kwon, H., Ow, A. W., Pedatella, K. E., Lotspeich, L. J., & Reiss, A. L. (2004). Voxel-based 
morphometry elucidates structural neuroanatomy of high-functioning autism and 
Asperger syndrome. Developmental Medicine and Child Neurology, 46(11), 760–
764. 
Lai, M.-C., Lombardo, M. V., & Baron-Cohen, S. (2014). Autism. The Lancet, 383(9920), 
896–910. https://doi.org/10.1016/S0140-6736(13)61539-1 
Lai, M.-C., Lombardo, M. V., Suckling, J., Ruigrok, A. N. V., Chakrabarti, B., Ecker, C., … 
Baron-Cohen, S. (2013). Biological sex affects the neurobiology of autism. Brain : A 
Journal of Neurology, 136(Pt 9), 2799–2815. https://doi.org/10.1093/brain/awt216 
Lake, J. I., & Meck, W. H. (2013). Differential effects of amphetamine and haloperidol on 




Neuropsychologia, 51(2), 284–292. 
https://doi.org/10.1016/j.neuropsychologia.2012.09.014 
Lake, J. K., Balogh, R., & Lunsky, Y. (2012). Polypharmacy profiles and predictors among 
adults with autism spectrum disorders. Research in Autism Spectrum Disorders, 
6(3), 1142–1149. https://doi.org/10.1016/j.rasd.2012.03.005 
Landry, O., & Al-Taie, S. (2016). A Meta-analysis of the Wisconsin Card Sort Task in Autism. 
Journal of Autism and Developmental Disorders, 46(4), 1220–1235. 
https://doi.org/10.1007/s10803-015-2659-3 
Lange, N., Travers, B. G., Bigler, E. D., Prigge, M. B. D., Froehlich, A. L., Nielsen, J. A., … 
Lainhart, J. E. (2015). Longitudinal Volumetric Brain Changes in Autism Spectrum 
Disorder Ages 6-35 Years: Longitudinal volumetric brain changes in ASD. Autism 
Research, 8(1), 82–93. https://doi.org/10.1002/aur.1427 
Langen, M., Bos, D., Noordermeer, S. D. S., Nederveen, H., van Engeland, H., & Durston, 
S. (2014). Changes in the Development of Striatum Are Involved in Repetitive 
Behavior in Autism. Biological Psychiatry, 76(5), 405–411. 
https://doi.org/10.1016/j.biopsych.2013.08.013 
Langen, M., Schnack, H. G., Nederveen, H., Bos, D., Lahuis, B. E., de Jonge, M. V., … 
Durston, S. (2009). Changes in the Developmental Trajectories of Striatum in 
Autism. Biological Psychiatry, 66(4), 327–333. 
https://doi.org/10.1016/j.biopsych.2009.03.017 
Langleben, D. D., Monterosso, J., Elman, I., Ash, B., Krikorian, G., & Austin, G. (2006). 
Effect of methylphenidate on Stroop Color-Word task performance in children with 
attention deficit hyperactivity disorder. Psychiatry Research, 141(3), 315–320. 
https://doi.org/10.1016/j.psychres.2005.09.007 
Langley, K., Martin, J., Agha, S. S., Davies, C., Stergiakouli, E., Holmans, P., … Thapar, A. 
(2011). Clinical and cognitive characteristics of children with attention-deficit 
hyperactivity disorder, with and without copy number variants. The British Journal of 
Psychiatry, 199(5), 398–403. https://doi.org/10.1192/bjp.bp.111.092130 
Lara, C., Fayyad, J., de Graaf, R., Kessler, R. C., Aguilar-Gaxiola, S., Angermeyer, M., … 
Sampson, N. (2009). Childhood Predictors of Adult Attention-Deficit/Hyperactivity 
Disorder: Results from the World Health Organization World Mental Health Survey 
Initiative. Biological Psychiatry, 65(1), 46–54. 
https://doi.org/10.1016/j.biopsych.2008.10.005 
Lee, Y.-S., Han, D. H., Lee, J. H., & Choi, T. Y. (2010). The Effects of Methylphenidate on 
Neural Substrates Associated with Interference Suppression in Children with ADHD: 
A Preliminary Study Using Event Related fMRI. Psychiatry Investigation, 7(1), 49–
54. https://doi.org/10.4306/pi.2010.7.1.49 
Lei, D., Du, M., Wu, M., Chen, T., Huang, X., Du, X., … Gong, Q. (2015). Functional MRI 
Reveals Different Response Inhibition Between Adults and Children With ADHD. 
Neuropsychology, 29(6), 874–881. https://doi.org/10.1037/neu0000200 
Lenroot, R. K., & Yeung, P. K. (2013). Heterogeneity within Autism Spectrum Disorders: 
What have We Learned from Neuroimaging Studies? Frontiers in Human 
Neuroscience, 7. https://doi.org/10.3389/fnhum.2013.00733 
Lerner, M. D., Calhoun, C. D., Mikami, A. Y., & De Los Reyes, A. (2012). Understanding 
Parent–Child Social Informant Discrepancy in Youth with High Functioning Autism 
Spectrum Disorders. Journal of Autism and Developmental Disorders, 42(12), 2680–
2692. https://doi.org/10.1007/s10803-012-1525-9 
Lever, A. G., & Geurts, H. M. (2015). Age-related differences in cognition across the adult 
lifespan in autism spectrum disorder. Autism Research: Official Journal of the 
International Society for Autism Research. https://doi.org/10.1002/aur.1545 
Lévesque, J., Beauregard, M., & Mensour, B. (2006). Effect of neurofeedback training on the 




disorder: A functional magnetic resonance imaging study. Neuroscience Letters, 
394(3), 216–221. https://doi.org/10.1016/j.neulet.2005.10.100 
Levitt, J. G., Blanton, R., Capetillo-Cunliffe, L., Guthrie, D., Toga, A., & McCracken, J. T. 
(1999). Cerebellar vermis lobules VIII-X in autism. Progress in Neuro-
Psychopharmacology & Biological Psychiatry, 23(4), 625–633. 
Levy, B. J., & Wagner, A. D. (2011). Cognitive control and right ventrolateral prefrontal 
cortex: reflexive reorienting, motor inhibition, and action updating: Cognitive control 
and right ventrolateral PFC. Annals of the New York Academy of Sciences, 1224(1), 
40–62. https://doi.org/10.1111/j.1749-6632.2011.05958.x 
Levy, S. E., Mandell, D. S., & Schultz, R. T. (2009). Autism. The Lancet, 374(9701), 1627–
1638. https://doi.org/10.1016/S0140-6736(09)61376-3 
Lewis, P. A., & Miall, R. C. (2003). Distinct systems for automatic and cognitively controlled 
time measurement: evidence from neuroimaging. Current Opinion in Neurobiology, 
13(2), 250–255. https://doi.org/10.1016/S0959-4388(03)00036-9 
Leyfer, O. T., Folstein, S. E., Bacalman, S., Davis, N. O., Dinh, E., Morgan, J., … Lainhart, J. 
E. (2006). Comorbid psychiatric disorders in children with autism: interview 
development and rates of disorders. Journal of Autism and Developmental 
Disorders, 36(7), 849–861. https://doi.org/10.1007/s10803-006-0123-0 
Li, X., Cao, Q., Pu, F., Li, D., Fan, Y., An, L., … Wang, Y. (2015). Abnormalities of structural 
covariance networks in drug-naïve boys with attention deficit hyperactivity disorder. 
Psychiatry Research, 231(3), 273–278. 
https://doi.org/10.1016/j.pscychresns.2015.01.006 
Liddle, E. B., Hollis, C., Batty, M. J., Groom, M. J., Totman, J. J., Liotti, M., … Liddle, P. F. 
(2011). Task-related default mode network modulation and inhibitory control in 
ADHD: effects of motivation and methylphenidate: Default mode network modulation 
in ADHD. Journal of Child Psychology and Psychiatry, 52(7), 761–771. 
https://doi.org/10.1111/j.1469-7610.2010.02333.x 
Lijffijt, M., Kenemans, J. L., Verbaten, M. N., & van Engeland, H. (2005). A Meta-Analytic 
Review of Stopping Performance in Attention-Deficit/Hyperactivity Disorder: 
Deficient Inhibitory Motor Control? Journal of Abnormal Psychology, 114(2), 216–
222. https://doi.org/10.1037/0021-843X.114.2.216 
Lim, L., Chantiluke, K., Cubillo, A. I., Smith, A. B., Simmons, A., Mehta, M. A., & Rubia, K. 
(2015). Disorder-specific grey matter deficits in attention deficit hyperactivity 
disorder relative to autism spectrum disorder. Psychological Medicine, 45(5), 965–
976. https://doi.org/10.1017/S0033291714001974 
Lim, L., Marquand, A., Cubillo, A. A., Smith, A. B., Chantiluke, K., Simmons, A., … Rubia, K. 
(2013). Disorder-Specific Predictive Classification of Adolescents with Attention 
Deficit Hyperactivity Disorder (ADHD) Relative to Autism Using Structural Magnetic 
Resonance Imaging. PLoS ONE, 8(5). https://doi.org/10.1371/journal.pone.0063660 
Lin, H. Y., Ni, H.-C., Lai, M.-C., Tseng, W.-Y. I., & Gau, S. S.-F. (2015). Regional brain 
volume differences between males with and without autism spectrum disorder are 
highly age-dependent. Molecular Autism, 6, 29. https://doi.org/10.1186/s13229-015-
0022-3 
Lin, Y. J., Lo, K.-W., Yang, L.-K., & Gau, S. S.-F. (2015). Validation of DSM-5 age-of-onset 
criterion of attention deficit/hyperactivity disorder (ADHD) in adults: Comparison of 
life quality, functional impairment, and family function. Research in Developmental 
Disabilities, 47, 48–60. https://doi.org/10.1016/j.ridd.2015.07.026 
Lindell, A. K., & Hudry, K. (2013). Atypicalities in Cortical Structure, Handedness, and 
Functional Lateralization for Language in Autism Spectrum Disorders. 





Lipszyc, J., & Schachar, R. (2010). Inhibitory control and psychopathology: A meta-analysis 
of studies using the stop signal task. Journal of the International Neuropsychological 
Society, 16(6), 1064–1076. https://doi.org/10.1017/S1355617710000895 
Liu, X., Banich, M. T., Jacobson, B. L., & Tanabe, J. L. (2004). Common and distinct neural 
substrates of attentional control in an integrated Simon and spatial Stroop task as 
assessed by event-related fMRI. NeuroImage, 22(3), 1097–1106. 
https://doi.org/10.1016/j.neuroimage.2004.02.033 
Livesey, A. C., Wall, M. B., & Smith, A. T. (2007). Time perception: Manipulation of task 
difficulty dissociates clock functions from other cognitive demands. 
Neuropsychologia, 45(2), 321–331. 
https://doi.org/10.1016/j.neuropsychologia.2006.06.033 
Logan, G. D., Cowan, W. B., & Davis, K. A. (1984). On the ability to inhibit simple and choice 
reaction time responses: a model and a method. Journal of Experimental 
Psychology. Human Perception and Performance, 10(2), 276–291. 
Logan, G. D., Schachar, R. J., & Tannock, R. (1997). Impulsivity and Inhibitory Control. 
Psychological Science, 8(1), 60–64. https://doi.org/10.1111/j.1467-
9280.1997.tb00545.x 
Lombardo, M. V., Chakrabarti, B., Bullmore, E. T., & Baron-Cohen, S. (2011). Specialization 
of right temporo-parietal junction for mentalizing and its relation to social 
impairments in autism. NeuroImage, 56(3), 1832–1838. 
https://doi.org/10.1016/j.neuroimage.2011.02.067 
Lopez, B. R., Lincoln, A. J., Ozonoff, S., & Lai, Z. (2005). Examining the relationship 
between executive functions and restricted, repetitive symptoms of Autistic Disorder. 
Journal of Autism and Developmental Disorders, 35(4), 445–460. 
https://doi.org/10.1007/s10803-005-5035-x 
Lopez-Larson, M. P., King, J. B., Terry, J., McGlade, E. C., & Yurgelun-Todd, D. (2012). 
Reduced insular volume in attention deficit hyperactivity disorder. Psychiatry 
Research-Neuroimaging, 204(1), 32–39. 
https://doi.org/10.1016/j.pscychresns.2012.09.009 
Lord, C. (2012). A Multisite Study of the Clinical Diagnosis of Different Autism Spectrum 
Disorders. Archives of General Psychiatry, 69(3), 306. 
https://doi.org/10.1001/archgenpsychiatry.2011.148 
Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Leventhal, B. L., DiLavore, P. C., … Rutter, M. 
(2000). The autism diagnostic observation schedule-generic: a standard measure of 
social and communication deficits associated with the spectrum of autism. Journal of 
Autism and Developmental Disorders, 30(3), 205–223. 
Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism Diagnostic Interview-Revised: a 
revised version of a diagnostic interview for caregivers of individuals with possible 
pervasive developmental disorders. Journal of Autism and Developmental 
Disorders, 24(5), 659–685. 
Lotter, V. (1966). Epidemiology of autistic conditions in young children: 1. Prevalence. Social 
Psychiatry, 1(3), 124–135. https://doi.org/10.1007/BF00584048 
Louwerse, A., Eussen, M. L. J. M., Van der Ende, J., de Nijs, P. F. A., Van Gool, A. R., 
Dekker, L. P., … Greaves-Lord, K. (2015). ASD Symptom Severity in Adolescence 
of Individuals Diagnosed with PDD-NOS in Childhood: Stability and the Relation with 
Psychiatric Comorbidity and Societal Participation. Journal of Autism and 
Developmental Disorders, 45(12), 3908–3918. https://doi.org/10.1007/s10803-015-
2595-2 
Lozier, L. M., Vanmeter, J. W., & Marsh, A. A. (2014). Impairments in facial affect 
recognition associated with autism spectrum disorders: A meta-analysis. 





Luhmann, C. (2009). Temporal decision-making: insights from cognitive neuroscience. 
Frontiers in Behavioral Neuroscience, 3. https://doi.org/10.3389/neuro.08.039.2009 
Luria, A. R., Pribram, K. H., & Homskaya, E. D. (1964). An experimental analysis of the 
behavioral disturbance produced by a left frontal arachnoidal endothelioma 
(meningioma). Neuropsychologia, 2(4), 257–280. https://doi.org/10.1016/0028-
3932(64)90034-X 
Ma, J., Lei, D., Jin, X., Du, X., Jiang, F., Li, F., … Shen, X. (2012). Compensatory brain 
activation in children with attention deficit/hyperactivity disorder during a simplified 
Go/No-go task. Journal of Neural Transmission, 119(5), 613–619. 
https://doi.org/10.1007/s00702-011-0744-0 
Madsen, K. S., Baaré, W. F. C., Vestergaard, M., Skimminge, A., Ejersbo, L. R., Ramsøy, T. 
Z., … Jernigan, T. L. (2010). Response inhibition is associated with white matter 
microstructure in children. Neuropsychologia, 48(4), 854–862. 
https://doi.org/10.1016/j.neuropsychologia.2009.11.001 
Mahoney, W. J., Szatmari, P., MacLean, J. E., Bryson, S. E., Bartolucci, G., Walter, S. D., … 
Zwaigenbaum, L. (1998). Reliability and accuracy of differentiating pervasive 
developmental disorder subtypes. Journal of the American Academy of Child and 
Adolescent Psychiatry, 37(3), 278–285. https://doi.org/10.1097/00004583-
199803000-00012 
Maier, S., Perlov, E., Graf, E., Dieter, E., Sobanski, E., Rump, M., … Elst, L. T. van. (2015). 
Discrete Global but No Focal Gray Matter Volume Reductions in Unmedicated Adult 
Patients with Attention-Deficit/Hyperactivity Disorder. Biological Psychiatry. 
https://doi.org/http://dx.doi.org/10.1016/j.biopsych.2015.05.012 
Maister, L., & Plaisted-Grant, K. C. (2011). Time perception and its relationship to memory in 
Autism Spectrum Conditions: Time perception in ASC. Developmental Science, 
14(6), 1311–1322. https://doi.org/10.1111/j.1467-7687.2011.01077.x 
Majid, D. S. A., Cai, W., Corey-Bloom, J., & Aron, A. R. (2013). Proactive Selective 
Response Suppression Is Implemented via the Basal Ganglia. Journal of 
Neuroscience, 33(33), 13259–13269. https://doi.org/10.1523/JNEUROSCI.5651-
12.2013 
Makris, N., Liang, L., Biederman, J., Valera, E. M., Brown, A. B., Petty, C., … Seidman, L. J. 
(2015). Toward defining the neural substrates of ADHD: A controlled structural MRI 
study in medication-naïve adults. Journal of Attention Disorders, 19(11), 944–953. 
https://doi.org/10.1177/1087054713506041 
Mandy, W. P. L., Charman, T., & Skuse, D. H. (2012). Testing the Construct Validity of 
Proposed Criteria for DSM-5 Autism Spectrum Disorder. Journal of the American 
Academy of Child & Adolescent Psychiatry, 51(1), 41–50. 
https://doi.org/10.1016/j.jaac.2011.10.013 
Manly, T., Anderson, V., Nimmo-Smith, I., Turner, A., Watson, P., & Robertson, I. H. (2001). 
The differential assessment of children’s attention: the Test of Everyday Attention for 
Children (TEA-Ch), normative sample and ADHD performance. Journal of Child 
Psychology and Psychiatry, and Allied Disciplines, 42(8), 1065–1081. 
Manoach, D. S., & Agam, Y. (2013). Neural markers of errors as endophenotypes in 
neuropsychiatric disorders. Frontiers in Human Neuroscience, 7. 
https://doi.org/10.3389/fnhum.2013.00350 
Marcovitch, S., Clearfield, M. W., Swingler, M., Calkins, S. D., & Bell, M. A. (2016). 
Attentional Predictors of 5-month-olds’ Performance on a Looking A-not-B Task. 
Infant and Child Development, 25(4), 233–246. https://doi.org/10.1002/icd.1931 
Marquenie, K., Rodger, S., Mangohig, K., & Cronin, A. (2011). Dinnertime and bedtime 
routines and rituals in families with a young child with an autism spectrum disorder: 
DINNERTIME AND BEDTIME IN FAMILIES WITH ASD. Australian Occupational 




Martin, J., Hamshere, M. L., O’Donovan, M. C., Rutter, M., & Thapar, A. (2014). Factor 
Structure of Autistic Traits in Children with ADHD. Journal of Autism and 
Developmental Disorders, 44(1), 204–215. https://doi.org/10.1007/s10803-013-
1865-0 
Martin, J. S., Poirier, M., & Bowler, D. M. (2010). Brief Report: Impaired Temporal 
Reproduction Performance in Adults with Autism Spectrum Disorder. Journal of 
Autism and Developmental Disorders, 40(5), 640–646. 
https://doi.org/10.1007/s10803-009-0904-3 
Mary, A., Slama, H., Mousty, P., Massat, I., Capiau, T., Drabs, V., & Peigneux, P. (2015). 
Executive and attentional contributions to Theory of Mind deficit in attention 
deficit/hyperactivity disorder (ADHD). Child Neuropsychology: A Journal on Normal 
and Abnormal Development in Childhood and Adolescence, 1–21. 
https://doi.org/10.1080/09297049.2015.1012491 
Massat, I., Slama, H., Kavec, M., Linotte, S., Mary, A., Baleriaux, D., … Peigneux, P. (2012). 
Working Memory-Related Functional Brain Patterns in Never Medicated Children 
with ADHD. PLoS ONE, 7(11). https://doi.org/10.1371/journal.pone.0049392 
Matell, M. S., & Meck, W. H. (2000). Neuropsychological mechanisms of interval timing 
behavior. BioEssays, 22(1), 94–103. https://doi.org/10.1002/(SICI)1521-
1878(200001)22:1<94::AID-BIES14>3.0.CO;2-E 
Mattila, M. L., Hurtig, T., Haapsamo, H., Jussila, K., Kuusikko-Gauffin, S., Kielinen, M., … 
Moilanen, I. (2010). Comorbid Psychiatric Disorders Associated with Asperger 
Syndrome/High-functioning Autism: A Community- and Clinic-based Study. J Autism 
Dev Disord, 40(9), 1080–1093. https://doi.org/10.1007/s10803-010-0958-2 
Mattila, M. L., Kielinen, M., Linna, S.-L., Jussila, K., Ebeling, H., Bloigu, R., … Moilanen, I. 
(2011). Autism Spectrum Disorders According to DSM-IV-TR and Comparison With 
DSM-5 Draft Criteria: An Epidemiological Study. Journal of the American Academy 
of Child & Adolescent Psychiatry, 50(6), 583–592.e11. 
https://doi.org/10.1016/j.jaac.2011.04.001 
Mauro, C. F., & Harris, Y. R. (2000). The influence of maternal child-rearing attitudes and 
teaching behaviors on preschoolers’ delay of gratification. The Journal of Genetic 
Psychology, 161(3), 292–306. https://doi.org/10.1080/00221320009596712 
Mayes, S. D., Calhoun, S. L., & Crites, D. L. (2001). Does DSM-IV Asperger’s disorder 
exist? Journal of Abnormal Child Psychology, 29(3), 263–271. 
Mazefsky, C. A., Herrington, J., Siegel, M., Scarpa, A., Maddox, B. B., Scahill, L., & White, 
S. W. (2013). The Role of Emotion Regulation in Autism Spectrum Disorder. Journal 
of the American Academy of Child & Adolescent Psychiatry, 52(7), 679–688. 
https://doi.org/10.1016/j.jaac.2013.05.006 
McAlonan, G. M., Cheung, V., Cheung, C., Chua, S. E., Murphy, D. G. M., Suckling, J., … 
Ho, T. P. (2007). Mapping brain structure in attention deficit-hyperactivity disorder: A 
voxel-based MRI study of regional grey and white matter volume. Psychiatry 
Research-Neuroimaging, 154(2), 171–180. 
https://doi.org/10.1016/j.pscychresns.2006.09.006 
McAlonan, G. M., Daly, E., Kumari, V., Critchley, H. D., van Amelsvoort, T., Suckling, J., … 
Murphy, D. G. M. (2002). Brain anatomy and sensorimotor gating in Asperger’s 
syndrome. Brain, 125, 1594–1606. https://doi.org/10.1093/brain/awf150 
McAlonan, G. M., Suckling, J., Wong, N., Cheung, V., Lienenkaemper, N., Cheung, C., & 
Chua, S. E. (2008). Distinct patterns of grey matter abnormality in high-functioning 
autism and Asperger’s syndrome. Journal of Child Psychology and Psychiatry, and 
Allied Disciplines, 49(12), 1287–1295. https://doi.org/10.1111/j.1469-
7610.2008.01933.x 
McCarthy, H., Skokauskas, N., & Frodl, T. (2014). Identifying a consistent pattern of neural 
function in attention deficit hyperactivity disorder: a meta-analysis. Psychological 




McClure, S. M., Laibson, D. I., Loewenstein, G., & Cohen, J. D. (2004). Separate neural 
systems value immediate and delayed monetary rewards. Science (New York, 
N.Y.), 306(5695), 503–507. https://doi.org/10.1126/science.1100907 
McGee, R., Brodeur, D., Symons, D., Andrade, B., & Fahie, C. (2004). Time perception: 
does it distinguish ADHD and RD children in a clinical sample? Journal of Abnormal 
Child Psychology, 32(5), 481–490. 
McLoughlin, G., Albrecht, B., Banaschewski, T., Rothenberger, A., Brandeis, D., Asherson, 
P., & Kuntsi, J. (2010). Electrophysiological evidence for abnormal preparatory 
states and inhibitory processing in adult ADHD. Behav Brain Funct, 6, 66. 
https://doi.org/10.1186/1744-9081-6-66 
Meaux, J. B., & Chelonis, J. J. (2003). Time perception differences in children with and 
without ADHD. Journal of Pediatric Health Care, 17(2), 64–71. 
https://doi.org/10.1067/mph.2003.26 
Mendelson, J. L., Gates, J. A., & Lerner, M. D. (2016). Friendship in school-age boys with 
autism spectrum disorders: A meta-analytic summary and developmental, process-
based model. Psychological Bulletin, 142(6), 601–622. 
https://doi.org/10.1037/bul0000041 
Mengotti, P., D’Agostini, S., Terlevic, R., De Colle, C., Biasizzo, E., Londero, D., … 
Brambilla, P. (2011). Altered white matter integrity and development in children with 
autism: a combined voxel-based morphometry and diffusion imaging study. Brain 
Research Bulletin, 84(2), 189–195. 
https://doi.org/10.1016/j.brainresbull.2010.12.002 
Menon, V. (2015). Salience Network. In Brain Mapping (pp. 597–611). Elsevier. Retrieved 
from http://linkinghub.elsevier.com/retrieve/pii/B978012397025100052X 
Menon, V., & Uddin, L. Q. (2010). Saliency, switching, attention and control: a network 
model of insula function. Brain Structure and Function, 214(5–6), 655–667. 
https://doi.org/10.1007/s00429-010-0262-0 
Merchán-Naranjo, J., Boada, L., del Rey-Mejías, Á., Mayoral, M., Llorente, C., Arango, C., & 
Parellada, M. (2016). La función ejecutiva está alterada en los trastornos del 
espectro autista, pero esta no correlaciona con la inteligencia. Revista de 
Psiquiatría y Salud Mental, 9(1), 39–50. https://doi.org/10.1016/j.rpsm.2015.10.005 
Metin, B., Krebs, R. M., Wiersema, J. R., Verguts, T., Gasthuys, R., van der Meere, J. J., … 
Sonuga-Barke, E. (2015). Dysfunctional modulation of default mode network activity 
in attention-deficit/hyperactivity disorder. Journal of Abnormal Psychology, 124(1), 
208–214. https://doi.org/10.1037/abn0000013 
Metin, B., Roeyers, H., Wiersema, J. R., van der Meere, J., & Sonuga-Barke, E. (2012). A 
Meta-Analytic Study of Event Rate Effects on Go/No-Go Performance in Attention-
Deficit/Hyperactivity Disorder. Biological Psychiatry, 72(12), 990–996. 
https://doi.org/10.1016/j.biopsych.2012.08.023 
Miller, G. M., & Chapman, J. P. (2001). Misunderstanding analysis of covariance. Journal of 
Abnormal Psychology, 110(1), 40–48. https://doi.org/10.1037//0021-843X.110.1.40 
Miller, M., Ho, J., & Hinshaw, S. P. (2012). Executive functions in girls with ADHD followed 
prospectively into young adulthood. Neuropsychology, 26(3), 278–287. 
https://doi.org/10.1037/a0027792 
Miller, S. E., & Marcovitch, S. (2012). How Theory of Mind and Executive Function Co-
develop. Review of Philosophy and Psychology, 3(4), 597–625. 
https://doi.org/10.1007/s13164-012-0117-0 
Minshew, N. J., Goldstein, G., Muenz, L. R., & Payton, J. B. (1992). Neuropsychological 
functioning in nonmentally retarded autistic individuals. Journal of Clinical and 





Miodovnik, A., Harstad, E., Sideridis, G., & Huntington, N. (2015). Timing of the Diagnosis of 
Attention-Deficit/Hyperactivity Disorder and Autism Spectrum Disorder. Pediatrics, 
136(4), e830-837. https://doi.org/10.1542/peds.2015-1502 
Miyake, A., & Friedman, N. P. (2012). The Nature and Organization of Individual Differences 
in Executive Functions: Four General Conclusions. Current Directions in 
Psychological Science, 21(1), 8–14. https://doi.org/10.1177/0963721411429458 
Molina, B. S. G., & Pelham, W. E. (2014). Attention-Deficit/Hyperactivity Disorder and Risk 
of Substance Use Disorder: Developmental Considerations, Potential Pathways, 
and Opportunities for Research. Annual Review of Clinical Psychology, 10(1), 607–
639. https://doi.org/10.1146/annurev-clinpsy-032813-153722 
Moll, H., & Tomasello, M. (2007). How 14- and 18-month-olds know what others have 
experienced. Developmental Psychology, 43(2), 309–317. 
https://doi.org/10.1037/0012-1649.43.2.309 
Monk, C. S., Peltier, S. J., Wiggins, J. L., Weng, S.-J., Carrasco, M., Risi, S., & Lord, C. 
(2009). Abnormalities of intrinsic functional connectivity in autism spectrum 
disorders,. NeuroImage, 47(2), 764–772. 
https://doi.org/10.1016/j.neuroimage.2009.04.069 
Montes, L. G. A., Ricardo-Garcell, J., de la Torre, L. B., Alcántara, H. P., García, R. B. M., 
Fernández-Bouzas, A., & Acosta, D. A. (2010). Clinical correlations of grey matter 
reductions in the caudate nucleus of adults with attention deficit hyperactivity 
disorder. Journal of Psychiatry and Neuroscience, 35(4), 238–246. 
https://doi.org/10.1503/jpn.090099 
Morein-Zamir, S., Dodds, C., van Hartevelt, T. J., Schwarzkopf, W., Sahakian, B., Müller, U., 
& Robbins, T. (2014). Hypoactivation in right inferior frontal cortex is specifically 
associated with motor response inhibition in adult ADHD: Inhibition-Specific 
Hypoactivation in ADHD. Human Brain Mapping, 35(10), 5141–5152. 
https://doi.org/10.1002/hbm.22539 
Mostert, J. C., Hoogman, M., Onnink, A. M. H., van Rooij, D., von Rhein, D., van Hulzen, K. 
J. E., … Franke, B. (2015). Similar Subgroups Based on Cognitive Performance 
Parse Heterogeneity in Adults With ADHD and Healthy Controls. Journal of 
Attention Disorders. https://doi.org/10.1177/1087054715602332 
Mostert, J. C., Onnink, A. M. H., Klein, M., Dammers, J., Harneit, A., Schulten, T., … 
Hoogman, M. (2015). Cognitive heterogeneity in adult attention deficit/hyperactivity 
disorder: A systematic analysis of neuropsychological measurements. European 
Neuropsychopharmacology, 25(11), 2062–2074. 
https://doi.org/10.1016/j.euroneuro.2015.08.010 
Mostert-Kerckhoffs, M. A. L., Staal, W. G., Houben, R. H., & de Jonge, M. V. (2015). Stop 
and Change: Inhibition and Flexibility Skills Are Related to Repetitive Behavior in 
Children and Young Adults with Autism Spectrum Disorders. Journal of Autism and 
Developmental Disorders, 45(10), 3148–3158. https://doi.org/10.1007/s10803-015-
2473-y 
Mostofsky, S. H., Reiss, A. L., Lockhart, P., & Denckla, M. B. (1998). Evaluation of 
cerebellar size in attention-deficit hyperactivity disorder. Journal of Child Neurology, 
13(9), 434–439. 
Moul, C., Cauchi, A., Hawes, D. J., Brennan, J., & Dadds, M. R. (2015). Differentiating 
Autism Spectrum Disorder and Overlapping Psychopathology with a Brief Version of 
the Social Responsiveness Scale. Child Psychiatry & Human Development, 46(1), 
108–117. https://doi.org/10.1007/s10578-014-0456-4 
Mueller, S., Keeser, D., Samson, A. C., Kirsch, V., Blautzik, J., Grothe, M., … Meindl, T. 
(2013). Convergent Findings of Altered Functional and Structural Brain Connectivity 
in Individuals with High Functioning Autism: A Multimodal MRI Study. PloS One, 




Mukaddes, N. M., Hergüner, S., & Tanidir, C. (2010). Psychiatric disorders in individuals with 
high-functioning autism and Asperger’s disorder: Similarities and differences. The 
World Journal of Biological Psychiatry, 11(8), 964–971. 
https://doi.org/10.3109/15622975.2010.507785 
Mukaddes, N. M., Tutkunkardas, M. D., Sari, O., Aydin, A., & Kozanoglu, P. (2014). 
Characteristics of children who lost the diagnosis of autism: a sample from istanbul, 
Turkey. Autism Research and Treatment, 2014, 472120. 
https://doi.org/10.1155/2014/472120 
Mulligan, A., Anney, R. J. L., O’Regan, M., Chen, W., Butler, L., Fitzgerald, M., … Gill, M. 
(2009). Autism symptoms in Attention-Deficit/Hyperactivity Disorder: A Familial trait 
which Correlates with Conduct, Oppositional Defiant, Language and Motor 
Disorders. Journal of Autism and Developmental Disorders, 39(2), 197–209. 
https://doi.org/10.1007/s10803-008-0621-3 
Mulligan, R. C., Knopik, V. S., Sweet, L. H., Fischer, M., Seidenberg, M., & Rao, S. M. 
(2011). Neural correlates of inhibitory control in adult attention deficit/hyperactivity 
disorder: Evidence from the Milwaukee longitudinal sample. Psychiatry Research-
Neuroimaging, 194(2), 119–129. https://doi.org/10.1016/j.pscychresns.2011.02.003 
Murdaugh, D. L., Shinkareva, S. V., Deshpande, H. R., Wang, J., Pennick, M. R., & Kana, R. 
K. (2012). Differential Deactivation during Mentalizing and Classification of Autism 
Based on Default Mode Network Connectivity. PLoS ONE, 7(11), e50064. 
https://doi.org/10.1371/journal.pone.0050064 
Muris, P., Steerneman, P., Meesters, C., Merckelbach, H., Horselenberg, R., van den 
Hogen, T., & van Dongen, L. (1999). The TOM test: a new instrument for assessing 
theory of mind in normal children and children with pervasive developmental 
disorders. Journal of Autism and Developmental Disorders, 29(1), 67–80. 
Murphy, C. M., Christakou, A., Daly, E. M., Ecker, C., Giampietro, V., Brammer, M., … 
Rubia, K. (2014). Abnormal Functional Activation and Maturation of Fronto-Striato-
Temporal and Cerebellar Regions During Sustained Attention in Autism Spectrum 
Disorder. American Journal of Psychiatry, 171(10), 1107–1116. 
https://doi.org/10.1176/appi.ajp.2014.12030352 
Murphy, K. R., Barkley, R. A., & Bush, T. (2001). Executive functioning and olfactory 
identification in young adults with attention deficit-hyperactivity disorder. 
Neuropsychology, 15(2), 211–20. 
Murray, D. W., Kollins, S. H., Hardy, K. K., Abikoff, H. B., Swanson, J. M., Cunningham, C., 
… Chuang, S. Z. (2007). Parent versus teacher ratings of attention-
deficit/hyperactivity disorder symptoms in the Preschoolers with Attention-
Deficit/Hyperactivity Disorder Treatment Study (PATS). Journal of Child and 
Adolescent Psychopharmacology, 17(5), 605–620. 
https://doi.org/10.1089/cap.2007.0060 
Murray, M. L., Hsia, Y., Glaser, K., Simonoff, E., Murphy, D. G. M., Asherson, P. J., … 
Wong, I. C. K. (2014). Pharmacological treatments prescribed to people with autism 
spectrum disorder (ASD) in primary health care. Psychopharmacology, 231(6), 
1011–1021. https://doi.org/10.1007/s00213-013-3140-7 
Muthén, L. K., & Muthén, B. O. (2000). Mplus: The Comprehensive Modeling Program for 
Applied Researchers : User’s Guide. Muthén & Muthén. Retrieved from 
http://books.google.co.uk/books?id=sDZDkgAACAAJ 
Myerson, J., Green, L., & Morris, J. (2011). Modeling the Effect of Reward Amount on 
Probability Discounting. Journal of the Experimental Analysis of Behavior, 95(2), 
175–187. https://doi.org/10.1901/jeab.2011.95-175 
Nagar Shimoni, H., Weizman, A., Yoran, R. H., & Raviv, A. (2012). Theory of mind, severity 
of autistic symptoms and parental correlates in children and adolescents with 





Nakao, T., Radua, J., Rubia, K., & Mataix-Cols, D. (2011). Gray Matter Volume 
Abnormalities in ADHD: Voxel-Based Meta-Analysis Exploring the Effects of Age 
and Stimulant Medication. American Journal of Psychiatry, 168(11), 1154–1163. 
https://doi.org/10.1176/appi.ajp.2011.11020281 
Neale, M., & Kendler, K. (1995). Models of comorbidity for multifactorial disorders. American 
Journal of Human Genetics, 57(4), 935–953. 
Nee, D. E., Wager, T. D., & Jonides, J. (2007). Interference resolution: insights from a meta-
analysis of neuroimaging tasks. Cognitive, Affective & Behavioral Neuroscience, 
7(1), 1–17. 
Neufang, S., Fink, G. R., Herpertz-Dahlmann, B., Willmes, K., & Konrad, K. (2008). 
Developmental changes in neural activation and psychophysiological interaction 
patterns of brain regions associated with interference control and time perception. 
NeuroImage, 43(2), 399–409. https://doi.org/10.1016/j.neuroimage.2008.07.039 
Nickl-Jockschat, T., Habel, U., Michel, T. M., Manning, J., Laird, A. R., Fox, P. T., … 
Eickhoff, S. B. (2012). Brain structure anomalies in autism spectrum disorder--a 
meta-analysis of VBM studies using anatomic likelihood estimation. Human Brain 
Mapping, 33(6), 1470–1489. https://doi.org/10.1002/hbm.21299 
Nigg, J. T. (2000). On inhibition/disinhibition in developmental psychopathology: views from 
cognitive and personality psychology and a working inhibition taxonomy. 
Psychological Bulletin, 126(2), 220–246. 
Nigg, J. T., Butler, K. M., Huang-Pollock, C. L., & Henderson, J. M. (2002). Inhibitory 
processes in adults with persistent childhood onset ADHD. Journal of Consulting 
and Clinical Psychology, 70(1), 153–157. https://doi.org/10.1037//0022-
006X.70.1.153 
Nigg, J. T., Willcutt, E. G., Doyle, A. E., & Sonuga-Barke, E. J. S. (2005). Causal 
Heterogeneity in Attention-Deficit/Hyperactivity Disorder: Do We Need 
Neuropsychologically Impaired Subtypes? Biological Psychiatry, 57(11), 1224–1230. 
https://doi.org/10.1016/j.biopsych.2004.08.025 
Noreika, V., Falter, C. M., & Rubia, K. (2013). Timing deficits in attention-deficit/hyperactivity 
disorder (ADHD): Evidence from neurocognitive and neuroimaging studies. 
Neuropsychologia, 51(2), 235–266. 
https://doi.org/10.1016/j.neuropsychologia.2012.09.036 
Norman, L. J., Carlisi, C., Lukito, S., Hart, H., Mataix-Cols, D., Radua, J., & Rubia, K. (2016). 
Structural and Functional Brain Abnormalities in Attention-Deficit/Hyperactivity 
Disorder and Obsessive-Compulsive Disorder: A Comparative Meta-analysis. JAMA 
Psychiatry. https://doi.org/10.1001/jamapsychiatry.2016.0700 
Nydén, A., Gillberg, C., Hjelmquist, E., & Heiman, M. (1999). Executive Function/Attention 
Deficits in Boys with Asperger Syndrome, Attention Disorder and Reading/Writing 
Disorder. Autism, 3(3), 213–228. https://doi.org/10.1177/1362361399003003002 
Nydén, A., Niklasson, L., Stahlberg, O., Anckarsater, H., Wentz, E., Rastam, M., & Gillberg, 
C. (2010). Adults with autism spectrum disorders and ADHD neuropsychological 
aspects. Research in Developmental Disabilities, 31(6), 1659–1668. 
https://doi.org/10.1016/j.ridd.2010.04.010 
Oblak, A., Gibbs, T. T., & Blatt, G. J. (2011). Reduced GABAA receptors and 
benzodiazepine binding sites in the posterior cingulate cortex and fusiform gyrus in 
autism. Brain Research, 1380, 218–228. 
https://doi.org/10.1016/j.brainres.2010.09.021 
Oblak, A., Rosene, D. L., Kemper, T. L., Bauman, M. L., & Blatt, G. J. (2011). Altered 
posterior cingulate cortical cyctoarchitecture, but normal density of neurons and 
interneurons in the posterior cingulate cortex and fusiform gyrus in autism. Autism 
Research, 4(3), 200–211. https://doi.org/10.1002/aur.188 
O’Dwyer, L., Tanner, C., van Dongen, E. V., Greven, C. U., Bralten, J., Zwiers, M. P., … 




Increased Severity of Autistic-Like Symptoms in a Cohort of ADHD Patients and 
Their Unaffected Siblings. PLOS ONE, 11(11), e0165620. 
https://doi.org/10.1371/journal.pone.0165620 
Ohnishi, T., Matsuda, H., Hashimoto, T., Kunihiro, T., Nishikawa, M., Uema, T., & Sasaki, M. 
(2000). Abnormal regional cerebral blood flow in childhood autism. Brain: A Journal 
of Neurology, 123 ( Pt 9), 1838–1844. 
Oldfield, R. C. (1971). The assessment and analysis of handedness: The Edinburgh 
inventory. Neuropsychologia, 9(1), 97–113. https://doi.org/10.1016/0028-
3932(71)90067-4 
Onnink, A. M. H., Zwiers, M. P., Hoogman, M., Mostert, J. C., Kan, C. C., Buitelaar, J., & 
Franke, B. (2014). Brain alterations in adult ADHD: Effects of gender, treatment and 
comorbid depression. European Neuropsychopharmacology, 24(3), 397–409. 
https://doi.org/10.1016/j.euroneuro.2013.11.011 
Orinstein, A. J., Suh, J., Porter, K., De Yoe, K. A., Tyson, K. E., Troyb, E., … Fein, D. A. 
(2015). Social Function and Communication in Optimal Outcome Children and 
Adolescents with an Autism History on Structured Test Measures. Journal of Autism 
and Developmental Disorders, 45(8), 2443–2463. https://doi.org/10.1007/s10803-
015-2409-6 
Ostrowsky, K. (2002). Representation of Pain and Somatic Sensation in the Human Insula: a 
Study of Responses to Direct Electrical Cortical Stimulation. Cerebral Cortex, 12(4), 
376–385. https://doi.org/10.1093/cercor/12.4.376 
Oswald, D. P., & Sonenklar, N. A. (2007). Medication Use Among Children with Autism 
Spectrum Disorders. Journal of Child and Adolescent Psychopharmacology, 17(3), 
348–355. https://doi.org/10.1089/cap.2006.17303 
Overmeyer, S., Bullmore, E. T., Suckling, J., Simmons, A., Williams, S. C., Santosh, P. J., & 
Taylor, E. (2001). Distributed grey and white matter deficits in hyperkinetic disorder: 
MRI evidence for anatomical abnormality in an attentional network. Psychological 
Medicine, 31(8), 1425–1435. 
Ozonoff, S. (1995). Reliability and validity of the Wisconsin Card Sorting Test in studies of 
autism. Neuropsychology, 9(4), 491–500. https://doi.org/10.1037/0894-4105.9.4.491 
Ozonoff, S., & Jensen, J. (1999). Brief report: specific executive function profiles in three 
neurodevelopmental disorders. Journal of Autism and Developmental Disorders, 
29(2), 171–177. 
Ozonoff, S., Pennington, B. F., & Rogers, S. J. (1991). Executive function deficits in high-
functioning autistic individuals: relationship to theory of mind. Journal of Child 
Psychology and Psychiatry, and Allied Disciplines, 32(7), 1081–1105. 
Padmala, S., & Pessoa, L. (2010). Interactions between cognition and motivation during 
response inhibition. Neuropsychologia, 48(2), 558–565. 
https://doi.org/10.1016/j.neuropsychologia.2009.10.017 
Padmanabhan, A., Garver, K., O’Hearn, K., Nawarawong, N., Liu, R., Minshew, N., … Luna, 
B. (2015). Developmental Changes in Brain Function Underlying Inhibitory Control in 
Autism Spectrum Disorders. Autism Research, 8(2), 123–135. 
https://doi.org/10.1002/aur.1398 
Pantelis, P. C., Byrge, L., Tyszka, J. M., Adolphs, R., & Kennedy, D. P. (2015). A specific 
hypoactivation of right temporo-parietal junction/posterior superior temporal sulcus 
in response to socially awkward situations in autism. Social Cognitive and Affective 
Neuroscience, 10(10), 1348–1356. https://doi.org/10.1093/scan/nsv021 
Park, B.-Y., & Park, H. (2016). Connectivity differences between adult male and female 
patients with attention deficit hyperactivity disorder according to resting-state 





Parks, L. K., Hill, D. E., Thoma, R. J., Euler, M. J., Lewine, J. D., & Yeo, R. A. (2009). Neural 
correlates of communication skill and symptom severity in autism: A voxel-based 
morphometry study. Research in Autism Spectrum Disorders, 3(2), 444–454. 
https://doi.org/http://dx.doi.org/10.1016/j.rasd.2008.09.004 
Pascualvaca, D. M., Fantie, B. D., Papageorgiou, M., & Mirsky, A. F. (1998). Attentional 
capacities in children with autism: is there a general deficit in shifting focus? Journal 
of Autism and Developmental Disorders, 28(6), 467–478. 
Passarotti, A. M., & Pavuluri, M. N. (2011). Brain functional domains inform therapeutic 
interventions in attention-deficit/hyperactivity disorder and pediatric bipolar disorder. 
Expert Review of Neurotherapeutics, 11(6), 897–914. 
https://doi.org/10.1586/ern.11.71 
Passarotti, A. M., Sweeney, J. A., & Pavuluri, M. N. (2010). Neural correlates of response 
inhibition in pediatric bipolar disorder and attention deficit hyperactivity disorder. 
Psychiatry Research-Neuroimaging, 181(1), 36–43. 
https://doi.org/10.1016/j.pscychresns.2009.07.002 
Pearson, D. A., Santos, C. W., Aman, M. G., Arnold, L. E., Casat, C. D., Mansour, R., … 
Cleveland, L. A. (2013). Effects of Extended Release Methylphenidate Treatment on 
Ratings of Attention-Deficit/Hyperactivity Disorder (ADHD) and Associated Behavior 
in Children with Autism Spectrum Disorders and ADHD Symptoms. Journal of Child 
and Adolescent Psychopharmacology, 23(5), 337–351. 
https://doi.org/10.1089/cap.2012.0096 
Pelc, K., Kornreich, C., Foisy, M.-L., & Dan, B. (2006). Recognition of emotional facial 
expressions in attention-deficit hyperactivity disorder. Pediatric Neurology, 35(2), 
93–97. https://doi.org/10.1016/j.pediatrneurol.2006.01.014 
Pellicano, E. (2007). Links between theory of mind and executive function in young children 
with autism: Clues to developmental primacy. Developmental Psychology, 43(4), 
974–990. https://doi.org/10.1037/0012-1649.43.4.974 
Pellicano, E. (2010). Individual differences in executive function and central coherence 
predict developmental changes in theory of mind in autism. Developmental 
Psychology, 46(2), 530–544. https://doi.org/10.1037/a0018287 
Pellicano, E. (2013). Testing the Predictive Power of Cognitive Atypicalities in Autistic 
Children: Evidence from a 3-Year Follow-Up Study: The predictive power of 
cognitive skills in autism. Autism Research, 6(4), 258–267. 
https://doi.org/10.1002/aur.1286 
Penney, T. B., & Vaitilingam, L. (2008). Psychology of Time. In Psychology of Time (pp. 
261–294). Bingley, UK: Emerald. 
Pennington, B. F., & Ozonoff, S. (1996). Executive functions and developmental 
psychopathology. Journal of Child Psychology and Psychiatry, and Allied 
Disciplines, 37(1), 51–87. 
Perner, J., & Lang, B. (1999). Development of theory of mind and executive control. Trends 
in Cognitive Sciences, 3(9), 337–344. 
Peterson, B. S., Potenza, M. N., Wang, Z., Zhu, H., Martin, A., Marsh, R., … Yu, S. (2009). 
An fMRI Study of the Effects of Psychostimulants on Default-Mode Processing 
During Stroop Task Performance in Youths With ADHD. American Journal of 
Psychiatry, 166(11), 1286–1294. https://doi.org/10.1176/appi.ajp.2009.08050724 
Philip, R. C. M., Dauvermann, M. R., Whalley, H. C., Baynham, K., Lawrie, S. M., & 
Stanfield, A. C. (2012). A systematic review and meta-analysis of the fMRI 
investigation of autism spectrum disorders. Neuroscience & Biobehavioral Reviews, 
36(2), 901–942. https://doi.org/10.1016/j.neubiorev.2011.10.008 
Picard, F., Scavarda, D., & Bartolomei, F. (2013). Induction of a sense of bliss by electrical 





Picton, T. W., Stuss, D. T., Alexander, M. P., Shallice, T., Binns, M. A., & Gillingham, S. 
(2006). Effects of Focal Frontal Lesions on Response Inhibition. Cerebral Cortex, 
17(4), 826–838. https://doi.org/10.1093/cercor/bhk031 
Pironti, V. A., Lai, M.-C., Morein-Zamir, S., Müller, U., Bullmore, E. T., & Sahakian, B. J. 
(2016). Temporal reproduction and its neuroanatomical correlates in adults with 
attention deficit hyperactivity disorder and their unaffected first-degree relatives. 
Psychological Medicine, 1–9. https://doi.org/10.1017/S003329171600101X 
Pironti, V. A., Lai, M.-C., Mueller, U., Dodds, C. M., Suckling, J., Bullmore, E. T., & 
Sahakian, B. J. (2014). Neuroanatomical Abnormalities and Cognitive Impairments 
Are Shared by Adults with Attention-Deficit/Hyperactivity Disorder and Their 
Unaffected First-Degree Relatives. Biological Psychiatry, 76(8), 639–647. 
https://doi.org/10.1016/j.biopsych.2013.09.025 
Piven, J., Harper, J., Palmer, P., & Arndt, S. (1996). Course of Behavioral Change in Autism: 
A Retrospective Study of High-IQ Adolescents and Adults. Journal of the American 
Academy of Child & Adolescent Psychiatry, 35(4), 523–529. 
https://doi.org/10.1097/00004583-199604000-00019 
Plessen, K. J., Allen, E. A., Eichele, H., van Wageningen, H., Hovik, M. F., Sorensen, L., … 
Eichele, T. (2016). Reduced error signalling in medication-naive children with 
ADHD: associations with behavioural variability and post-error adaptations. Journal 
of Psychiatry & Neuroscience : JPN, 41(2), 77–87. 
Plichta, M. M., & Scheres, A. (2014). Ventral–striatal responsiveness during reward 
anticipation in ADHD and its relation to trait impulsivity in the healthy population: A 
meta-analytic review of the fMRI literature. Neuroscience & Biobehavioral Reviews, 
38, 125–134. https://doi.org/10.1016/j.neubiorev.2013.07.012 
Pliszka, S. R., Glahn, D. C., Semrud-Clikeman, M., Franklin, C., Perez III, R., Xiong, J., & 
Liotti, M. (2006). Neuroimaging of inhibitory control areas in children with attention 
deficit hyperactivity disorder who were treatment naive or in long-term treatment. 
American Journal of Psychiatry, 163(6), 1052–1060. 
https://doi.org/10.1176/appi.ajp.163.6.1052 
Plummer, C., & Humphrey, N. (2009). Time Perception in Children with ADHD: The Effects 
of Task Modality and Duration. Child Neuropsychology, 15(2), 147–162. 
https://doi.org/10.1080/09297040802403690 
Polanczyk, G., de Lima, M. S., Horta, B. L., Biederman, J., & Rohde, L. A. (2007). The 
worldwide prevalence of ADHD: a systematic review and metaregression analysis. 
The American Journal of Psychiatry, 164(6), 942–948. 
https://doi.org/10.1176/ajp.2007.164.6.942 
Polanczyk, G., Willcutt, E. G., Salum, G. A., Kieling, C., & Rohde, L. A. (2014). ADHD 
prevalence estimates across three decades: an updated systematic review and 
meta-regression analysis. International Journal of Epidemiology, 43(2), 434–442. 
https://doi.org/10.1093/ije/dyt261 
Polderman, T. J. C., Hoekstra, R. A., Posthuma, D., & Larsson, H. (2014). The co-
occurrence of autistic and ADHD dimensions in adults: an etiological study in 17 770 
twins. Translational Psychiatry, 4(9), e435. https://doi.org/10.1038/tp.2014.84 
Posey, D. J., Aman, M. G., McCracken, J. T., Scahill, L., Tierney, E., Arnold, L. E., … 
McDougle, C. J. (2007). Positive Effects of Methylphenidate on Inattention and 
Hyperactivity in Pervasive Developmental Disorders: An Analysis of Secondary 
Measures. Biological Psychiatry, 61(4), 538–544. 
https://doi.org/10.1016/j.biopsych.2006.09.028 
Posey, D. J., Wiegand, R. E., Wilkerson, J., Maynard, M., Stigler, K. A., & McDougle, C. J. 
(2006). Open-Label Atomoxetine for Attention-Deficit/ Hyperactivity Disorder 
Symptoms Associated with High-Functioning Pervasive Developmental Disorders. 





Posner, J., Maia, T. V., Fair, D., Peterson, B. S., Sonuga-Barke, E. J. S., & Nagel, B. J. 
(2011). The attenuation of dysfunctional emotional processing with stimulant 
medication: An fMRI study of adolescents with ADHD. Psychiatry Research-
Neuroimaging, 193(3), 151–160. https://doi.org/10.1016/j.pscychresns.2011.02.005 
Postorino, V., Fatta, L. M., Sanges, V., Giovagnoli, G., De Peppo, L., Vicari, S., & Mazzone, 
L. (2016). Intellectual disability in Autism Spectrum Disorder: Investigation of 
prevalence in an Italian sample of children and adolescents. Research in 
Developmental Disabilities, 48, 193–201. https://doi.org/10.1016/j.ridd.2015.10.020 
Poulin-Lord, M.-P., Barbeau, E. B., Soulières, I., Monchi, O., Doyon, J., Benali, H., & 
Mottron, L. (2014). Increased topographical variability of task-related activation in 
perceptive and motor associative regions in adult autistics. NeuroImage: Clinical, 4, 
444–453. https://doi.org/10.1016/j.nicl.2014.02.008 
Poustka, L., Jennen-Steinmetz, C., Henze, R., Vomstein, K., Haffner, J., & Sieltjes, B. 
(2012). Fronto-temporal disconnectivity and symptom severity in children with 
autism spectrum disorder. The World Journal of Biological Psychiatry : The Official 
Journal of the World Federation of Societies of Biological Psychiatry, 13(4), 269–
280. https://doi.org/10.3109/15622975.2011.591824 
Pouthas, V., George, N., Poline, J.-B., Pfeuty, M., Vandemoorteele, P.-F., Hugueville, L., … 
Renault, B. (2005). Neural network involved in time perception: an fMRI study 
comparing long and short interval estimation. Human Brain Mapping, 25(4), 433–
441. https://doi.org/10.1002/hbm.20126 
Power, J. D., Mitra, A., Laumann, T. O., Snyder, A. Z., Schlaggar, B. L., & Petersen, S. E. 
(2014). Methods to detect, characterize, and remove motion artifact in resting state 
fMRI. NeuroImage, 84, 320–341. https://doi.org/10.1016/j.neuroimage.2013.08.048 
Prasad, V., Brogan, E., Mulvaney, C., Grainge, M., Stanton, W., & Sayal, K. (2013). How 
effective are drug treatments for children with ADHD at improving on-task behaviour 
and academic achievement in the school classroom? A systematic review and meta-
analysis. European Child & Adolescent Psychiatry, 22(4), 203–216. 
https://doi.org/10.1007/s00787-012-0346-x 
Proal, E., Reiss, P. T., Klein, R. G., Mannuzza, S., Gotimer, K., Ramos-Olazagasti, M. A., … 
Castellanos, F. X. (2011). Brain Gray Matter Deficits at 33-Year Follow-up in Adults 
With Attention-Deficit/Hyperactivity Disorder Established in Childhood. Archives of 
General Psychiatry, 68(11), 1122–1134. 
Proudfit, G. H., Inzlicht, M., & Mennin, D. S. (2013). Anxiety and error monitoring: the 
importance of motivation and emotion. Frontiers in Human Neuroscience, 7. 
https://doi.org/10.3389/fnhum.2013.00636 
Radeloff, D., Ciaramidaro, A., Siniatchkin, M., Hainz, D., Schlitt, S., Weber, B., … Freitag, C. 
M. (2014). Structural alterations of the social brain: a comparison between 
schizophrenia and autism. PloS One, 9(9), e106539. 
https://doi.org/10.1371/journal.pone.0106539 
Radua, J., Del Pozo, N. O., Gómez, J., Guillen-Grima, F., & Ortuño, F. (2014). Meta-analysis 
of functional neuroimaging studies indicates that an increase of cognitive difficulty 
during executive tasks engages brain regions associated with time perception. 
Neuropsychologia, 58, 14–22. 
https://doi.org/10.1016/j.neuropsychologia.2014.03.016 
Radua, J., Mataix-Cols, D., Phillips, M. L., El-Hage, W., Kronhaus, D. M., Cardoner, N., & 
Surguladze, S. (2012). A new meta-analytic method for neuroimaging studies that 
combines reported peak coordinates and statistical parametric maps. European 
Psychiatry, 27(8), 605–611. https://doi.org/10.1016/j.eurpsy.2011.04.001 
Radua, J., Romeo, M., Mataix-Cols, D., & Fusar-Poli, P. (2013). A general approach for 
combining voxel-based meta-analyses conducted in different neuroimaging 




Raichle, M. E. (2015). The Brain’s Default Mode Network. Annual Review of Neuroscience, 
38(1), 433–447. https://doi.org/10.1146/annurev-neuro-071013-014030 
Ramesh, M. G., & Rai, K. S. (2013). Region-wise gray matter volume alterations in brain of 
adolescents with attention deficit hyperactive disorder: A voxel based morphometric 
analysis. Indian Journal of Physiology and Pharmacology, 57(3), 270–279. 
Rao, P. A., & Landa, R. J. (2014). Association between severity of behavioral phenotype and 
comorbid attention deficit hyperactivity disorder symptoms in children with autism 
spectrum disorders. Autism, 18(3), 272–280. 
https://doi.org/10.1177/1362361312470494 
Rapport, L. J., Friedman, S. L., Tzelepis, A., & Van Voorhis, A. (2002). Experienced emotion 
and affect recognition in adult attention-deficit hyperactivity disorder. 
Neuropsychology, 16(1), 102–110. https://doi.org/10.1037//0894-4105.16.1.102 
Rapport, M. D., Alderson, R. M., Kofler, M. J., Sarver, D. E., Bolden, J., & Sims, V. (2008). 
Working Memory Deficits in Boys with Attention-deficit/Hyperactivity Disorder 
(ADHD): The Contribution of Central Executive and Subsystem Processes. Journal 
of Abnormal Child Psychology, 36(6), 825–837. https://doi.org/10.1007/s10802-008-
9215-y 
Rasmussen, J., Casey, B. J., van Erp, T. G. M., Tamm, L., Epstein, J. N., Buss, C., … 
Potkin, S. G. (2015). ADHD and cannabis use in young adults examined using fMRI 
of a Go/NoGo task. Brain Imaging and Behavior. https://doi.org/10.1007/s11682-
015-9438-9 
Ray, S., Miller, M., Karalunas, S., Robertson, C., Grayson, D. S., Cary, R. P., … Fair, D. A. 
(2014). Structural and functional connectivity of the human brain in autism spectrum 
disorders and attention-deficit/hyperactivity disorder: A rich club-organization study: 
Rich-club organization in ADHD and ASD. Human Brain Mapping, 35(12), 6032–
6048. https://doi.org/10.1002/hbm.22603 
Ray Li, C. -s. (2006). Imaging Response Inhibition in a Stop-Signal Task: Neural Correlates 
Independent of Signal Monitoring and Post-Response Processing. Journal of 
Neuroscience, 26(1), 186–192. https://doi.org/10.1523/JNEUROSCI.3741-05.2006 
Raymaekers, R., van der Meere, J., & Roeyers, H. (2004). Event-Rate Manipulation and its 
Effect on Arousal Modulation and Response Inhibition in Adults With High 
Functioning Autism. Journal of Clinical and Experimental Neuropsychology 
(Neuropsychology, Development and Cognition: Section A), 26(1), 74–82. 
https://doi.org/10.1076/jcen.26.1.74.23927 
Redcay, E., & Courchesne, E. (2005). When Is the Brain Enlarged in Autism? A Meta-
Analysis of All Brain Size Reports. Biological Psychiatry, 58(1), 1–9. 
https://doi.org/10.1016/j.biopsych.2005.03.026 
Reed, P., Watts, H., & Truzoli, R. (2013). Flexibility in young people with autism spectrum 
disorders on a card sort task. Autism, 17(2), 162–171. 
https://doi.org/10.1177/1362361311409599 
Reiersen, A. M., Constantino, J. N., Grimmer, M., Martin, N. G., & Todd, R. D. (2008). 
Evidence for shared genetic influences on self-reported ADHD and autistic 
symptoms in young adult Australian twins. Twin Res Hum Genet, 11(6), 579–85. 
https://doi.org/10.1375/twin.11.6.579 
Reitan, R. M. (1958). Validity of the trail making test as an indicator of organic brain damage. 
Perceptual and Motor Skills, 8(7), 271. https://doi.org/10.2466/PMS.8.7.271-276 
Retico, A., Giuliano, A., Tancredi, R., Cosenza, A., Apicella, F., Narzisi, A., … Calderoni, S. 
(2016). The effect of gender on the neuroanatomy of children with autism spectrum 
disorders: a support vector machine case-control study. Molecular Autism, 7, 5. 
https://doi.org/10.1186/s13229-015-0067-3 
Richter, J., Poustka, L., Vomstein, K., Haffner, J., Parzer, P., Stieltjes, B., & Henze, R. 




autism spectrum disorder. European Psychiatry, 30(2). 
https://doi.org/10.1016/j.eurpsy.2014.11.005 
Riedel, A., Maier, S., Ulbrich, M., Biscaldi, M., Ebert, D., Fangmeier, T., … Elst, L. T. van. 
(2014). No significant brain volume decreases or increases in adults with high-
functioning autism spectrum disorder and above average intelligence: A voxel-based 
morphometric study. Psychiatry Research: Neuroimaging, 223(2), 67–74. 
https://doi.org/http://dx.doi.org/10.1016/j.pscychresns.2014.05.013 
Rieger, M., & Gauggel, S. (1999). Inhibitory after-effects in the stop signal paradigm. British 
Journal of Psychology, 90(4), 509–518. https://doi.org/10.1348/000712699161585 
Rinehart, N. J., Bradshaw, J. L., Brereton, A. V., & Tonge, B. J. (2002). Lateralization in 
individuals with high-functioning autism and Asperger’s disorder: a frontostriatal 
model. Journal of Autism and Developmental Disorders, 32(4), 321–331. 
Risi, S., Lord, C., Gotham, K., Corsello, C., Chrysler, C., Szatmari, P., … Pickles, A. (2006). 
Combining Information From Multiple Sources in the Diagnosis of Autism Spectrum 
Disorders. Journal of the American Academy of Child & Adolescent Psychiatry, 
45(9), 1094–1103. https://doi.org/10.1097/01.chi.0000227880.42780.0e 
Riva, D., Annunziata, S., Contarino, V., Erbetta, A., Aquino, D., & Bulgheroni, S. (2013). 
Gray matter reduction in the vermis and CRUS-II is associated with social and 
interaction deficits in low-functioning children with autistic spectrum disorders: a 
VBM-DARTEL Study. Cerebellum (London, England), 12(5), 676–685. 
https://doi.org/10.1007/s12311-013-0469-8 
Rogers, K., Dziobek, I., Hassenstab, J., Wolf, O. T., & Convit, A. (2007). Who Cares? 
Revisiting Empathy in Asperger Syndrome. Journal of Autism and Developmental 
Disorders, 37(4), 709–715. https://doi.org/10.1007/s10803-006-0197-8 
Rojas, D. C., Peterson, E., Winterrowd, E., Reite, M. L., Rogers, S. J., & Tregellas, J. R. 
(2006). Regional gray matter volumetric changes in autism associated with social 
and repetitive behavior symptoms. BMC Psychiatry, 6. https://doi.org/10.1186/1471-
244X-6-56 
Roman-Urrestarazu, A., Lindholm, P., Moilanen, I., Kiviniemi, V., Miettunen, J., 
Jaaskelainen, E., … Murray, G. K. (2016). Brain structural deficits and working 
memory fMRI dysfunction in young adults who were diagnosed with ADHD in 
adolescence. European Child & Adolescent Psychiatry, 25(5), 529–538. 
https://doi.org/10.1007/s00787-015-0755-8 
Rommel, A. S., Rijsdijk, F., Greven, C. U., Asherson, P., & Kuntsi, J. (2015). A Longitudinal 
Twin Study of the Direction of Effects between ADHD Symptoms and IQ. PLOS 
ONE, 10(4), e0124357. https://doi.org/10.1371/journal.pone.0124357 
Rommelse, N. N. J., Franke, B., Geurts, H. M., Hartman, C. A., & Buitelaar, J. K. (2010). 
Shared heritability of attention-deficit/hyperactivity disorder and autism spectrum 
disorder. European Child & Adolescent Psychiatry, 19(3), 281–295. 
https://doi.org/10.1007/s00787-010-0092-x 
Rommelse, N. N. J., Geurts, H. M., Franke, B., Buitelaar, J. K., & Hartman, C. A. (2011). A 
review on cognitive and brain endophenotypes that may be common in autism 
spectrum disorder and attention-deficit/hyperactivity disorder and facilitate the 
search for pleiotropic genes. Neuroscience & Biobehavioral Reviews, 35(6), 1363–
1396. https://doi.org/10.1016/j.neubiorev.2011.02.015 
Ronald, A., Larsson, H., Anckarsäter, H., & Lichtenstein, P. (2014). Symptoms of autism and 
ADHD: A Swedish twin study examining their overlap. Journal of Abnormal 
Psychology, 123(2), 440–451. https://doi.org/10.1037/a0036088 
Ronald, A., Simonoff, E., Kuntsi, J., Asherson, P., & Plomin, R. (2008). Evidence for 
overlapping genetic influences on autistic and ADHD behaviours in a community 





Roux, A. M., Shattuck, P. T., Cooper, B. P., Anderson, K. A., Wagner, M., & Narendorf, S. C. 
(2013). Postsecondary Employment Experiences Among Young Adults With an 
Autism Spectrum Disorder. Journal of the American Academy of Child & Adolescent 
Psychiatry, 52(9), 931–939. https://doi.org/10.1016/j.jaac.2013.05.019 
Rubia, K. (1999). Synchronization, anticipation, and consistency in motor timing of children 
with dimensionality defined attention deficit hyperactivity behaviour. Perceptual and 
Motor Skills, 89(7), 1237. https://doi.org/10.2466/PMS.89.7.1237-1258 
Rubia, K. (2007). Neuro-anatomic evidence for the maturational delay hypothesis of ADHD. 
Proceedings of the National Academy of Sciences, 104(50), 19663–19664. 
https://doi.org/10.1073/pnas.0710329105 
Rubia, K. (2011). “Cool” Inferior Frontostriatal Dysfunction in Attention-Deficit/Hyperactivity 
Disorder Versus “Hot” Ventromedial Orbitofrontal-Limbic Dysfunction in Conduct 
Disorder: A Review. Biological Psychiatry, 69(12), e69–e87. 
https://doi.org/10.1016/j.biopsych.2010.09.023 
Rubia, K., Alegria, A. A., Cubillo, A. I., Smith, A. B., Brammer, M. J., & Radua, J. (2014). 
Effects of Stimulants on Brain Function in Attention-Deficit/Hyperactivity Disorder: A 
Systematic Review and Meta-Analysis. Biological Psychiatry, 76(8), 616–628. 
https://doi.org/10.1016/j.biopsych.2013.10.016 
Rubia, K., Cubillo, A., Smith, A. B., Woolley, J., Heyman, I., & Brammer, M. J. (2010). 
Disorder-Specific Dysfunction in Right Inferior Prefrontal Cortex During Two 
Inhibition Tasks in Boys with Attention-Deficit Hyperactivity Disorder Compared to 
Boys with Obsessive-Compulsive Disorder. Human Brain Mapping, 31(2), 287–299. 
https://doi.org/10.1002/hbm.20864 
Rubia, K., Halari, R., Christakou, A., & Taylor, E. (2009). Impulsiveness as a timing 
disturbance: neurocognitive abnormalities in attention-deficit hyperactivity disorder 
during temporal processes and normalization with methylphenidate. Philos Trans R 
Soc Lond B Biol Sci, 364(1525), 1919–31. https://doi.org/10.1098/rstb.2009.0014 
Rubia, K., Halari, R., Cubillo, A., Mohammad, A.-M., Brammer, M., & Taylor, E. (2009). 
Methylphenidate normalises activation and functional connectivity deficits in 
attention and motivation networks in medication-naïve children with ADHD during a 
rewarded continuous performance task. Neuropharmacology, 57(7–8), 640–652. 
https://doi.org/10.1016/j.neuropharm.2009.08.013 
Rubia, K., Halari, R., Cubillo, A., Mohammad, A.-M., Scott, S., & Brammer, M. (2010). 
Disorder-specific inferior prefrontal hypofunction in boys with pure attention-
deficit/hyperactivity disorder compared to boys with pure conduct disorder during 
cognitive flexibility. Human Brain Mapping, 31(12), 1823–1833. 
https://doi.org/10.1002/hbm.20975 
Rubia, K., Halari, R., Cubillo, A., Smith, A. B., Mohammad, A.-M., Brammer, M., & Taylor, E. 
(2011). Methylphenidate Normalizes Fronto-Striatal Underactivation During 
Interference Inhibition in Medication-Naive Boys with Attention-Deficit Hyperactivity 
Disorder. Neuropsychopharmacology, 36(8), 1575–1586. 
https://doi.org/10.1038/npp.2011.30 
Rubia, K., Halari, R., Mohammad, A. M., Taylor, E., & Brammer, M. (2011). Methylphenidate 
normalizes frontocingulate underactivation during error processing in attention-
deficit/hyperactivity disorder. Biol Psychiatry, 70(3), 255–62. 
https://doi.org/10.1016/j.biopsych.2011.04.018 
Rubia, K., Halari, R., Smith, A. B., Mohammad, M., Scott, S., & Brammer, M. J. (2009). 
Shared and disorder-specific prefrontal abnormalities in boys with pure attention-
deficit/hyperactivity disorder compared to boys with pure CD during interference 
inhibition and attention allocation. Journal of Child Psychology and Psychiatry, 
50(6), 669–678. https://doi.org/10.1111/j.1469-7610.2008.02022.x 
Rubia, K., Halari, R., Smith, A. B., Mohammed, M., Scott, S., Giampietro, V., … Brammer, 
M. J. (2008). Dissociated functional brain abnormalities of inhibition in boys with 




American Journal of Psychiatry, 165(7), 889–897. 
https://doi.org/10.1176/appi.ajp.2008.07071084 
Rubia, K., Russell, T., Overmeyer, S., Brammer, M. J., Bullmore, E. T., Sharma, T., … 
Taylor, E. (2001). Mapping motor inhibition: conjunctive brain activations across 
different versions of go/no-go and stop tasks. NeuroImage, 13(2), 250–261. 
https://doi.org/10.1006/nimg.2000.0685 
Rubia, K., Smith, A. B., Brammer, M. J., & Taylor, E. (2003). Right inferior prefrontal cortex 
mediates response inhibition while mesial prefrontal cortex is responsible for error 
detection. NeuroImage, 20(1), 351–358. https://doi.org/10.1016/S1053-
8119(03)00275-1 
Rubia, K., Smith, A. B., Brammer, M. J., & Taylor, E. (2007). Temporal Lobe Dysfunction in 
Medication-Naïve Boys With Attention-Deficit/Hyperactivity Disorder During 
Attention Allocation and Its Relation to Response Variability. Biological Psychiatry, 
62(9), 999–1006. https://doi.org/10.1016/j.biopsych.2007.02.024 
Rubia, K., Smith, A. B., Brammer, M. J., Toone, B., & Taylor, E. (2005). Abnormal brain 
activation during inhibition and error detection in medication-naive adolescents with 
ADHD. American Journal of Psychiatry, 162(6), 1067–1075. 
https://doi.org/10.1176/appi.ajp.162.6.1067 
Rubia, K., Smith, A. B., Halari, R., Matsukura, F., Mohammad, M., Taylor, E., & Brammer, M. 
J. (2009). Disorder-Specific Dissociation of Orbitofrontal Dysfunction in Boys With 
Pure Conduct Disorder During Reward and Ventrolateral Prefrontal Dysfunction in 
Boys With Pure ADHD During Sustained Attention. American Journal of Psychiatry, 
166(1), 83–94. https://doi.org/10.1176/appi.ajp.2008.08020212 
Rubia, K., Smith, A. B., & Taylor, E. (2007). Performance of Children with Attention Deficit 
Hyperactivity Disorder (ADHD) on a Test Battery of Impulsiveness. Child 
Neuropsychology, 13(3), 276–304. https://doi.org/10.1080/09297040600770761 
RUPP Autism Network. (2005). Randomized, controlled, crossover trial of methylphenidate 
in pervasive developmental disorders with hyperactivity. Arch Gen Psychiatry, 
62(11), 1266–74. https://doi.org/10.1001/archpsyc.62.11.1266 
Russell, A. J., Murphy, C. M., Wilson, E., Gillan, N., Brown, C., Robertson, D. M., … Murphy, 
D. G. (2016). The mental health of individuals referred for assessment of autism 
spectrum disorder in adulthood: A clinic report. Autism, 20(5), 623–627. 
https://doi.org/10.1177/1362361315604271 
Russell, G., Rodgers, L. R., & Ford, T. (2013). The Strengths and Difficulties Questionnaire 
as a Predictor of Parent-Reported Diagnosis of Autism Spectrum Disorder and 
Attention Deficit Hyperactivity Disorder. PLoS ONE, 8(12), e80247. 
https://doi.org/10.1371/journal.pone.0080247 
Russell, J. (1997). How executive disorders can bring about an adequate theory of mind. In 
J. Russell (Ed.), Autism as an executive disorder. Oxford, England: Oxford 
University Press. 
Saban-Bezalel, R., & Mashal, N. (2015). Hemispheric Processing of Idioms and Irony in 
Adults With and Without Pervasive Developmental Disorder. Journal of Autism and 
Developmental Disorders, 45(11), 3496–3508. https://doi.org/10.1007/s10803-015-
2496-4 
Salazar, F., Baird, G., Chandler, S., Tseng, E., O’sullivan, T., Howlin, P., … Simonoff, E. 
(2015). Co-occurring Psychiatric Disorders in Preschool and Elementary School-
Aged Children with Autism Spectrum Disorder. Journal of Autism and 
Developmental Disorders, 45(8), 2283–2294. https://doi.org/10.1007/s10803-015-
2361-5 
Salley, B., Gabrielli, J., Smith, C. M., & Braun, M. (2015). Do communication and social 
interaction skills differ across youth diagnosed with autism spectrum disorder, 
attention-deficit/hyperactivity disorder, or dual diagnosis? Research in Autism 




Salmi, J., Roine, U., Glerean, E., Lahnakoski, J., Nieminen-von Wendt, T., Tani, P., … 
Sams, M. (2013). The brains of high functioning autistic individuals do not 
synchronize with those of others. NeuroImage. Clinical, 3, 489–497. 
https://doi.org/10.1016/j.nicl.2013.10.011 
Salmond, C. H., Ashburner, J., Connelly, A., Friston, K. J., Gadian, D. G., & Vargha-
Khadem, F. (2005). The role of the medial temporal lobe in autistic spectrum 
disorders. European Journal of Neuroscience, 22(3), 764–772. 
https://doi.org/10.1111/j.1460-9568.2005.04217.x 
Salmond, C. H., de Haan, M., Friston, K. J., Gadian, D. G., & Vargha-Khadem, F. (2003). 
Investigating individual differences in brain abnormalities in autism. Philosophical 
Transactions of the Royal Society of London Series B-Biological Sciences, 
358(1430), 405–413. https://doi.org/10.1098/rstb.2002.1210 
Salmond, C. H., Vargha-Khademl, F., Gadian, D. G., de Haan, M., & Baldeweg, T. (2007). 
Heterogeneity in the patterns of neural abnormality in autistic spectrum disorders: 
evidence from ERP and MRI. Cortex, 43(6), 686–699. 
https://doi.org/10.1016/S0010-9452(08)70498-2 
San José Cáceres, A., Keren, N., Booth, R., & Happé, F. (2014). Assessing Theory of Mind 
Nonverbally in Those With Intellectual Disability and ASD: The Penny Hiding Game: 
ToM in ASD and ID: the Penny Hiding Game. Autism Research, 7(5), 608–616. 
https://doi.org/10.1002/aur.1405 
Sanders, A. F. (1983). Towards a model of stress and human performance. Acta 
Psychologica, 53(1), 61–97. https://doi.org/10.1016/0001-6918(83)90016-1 
Santosh, P. J. (2009). Study of the Co-existence of Hyperkinetic Disorder and Autism 
Spectrum Disorders. Institute of Psychiatry, King’s College London, London. 
Santosh, P. J., Baird, G., Pityaratstian, N., Tavare, E., & Gringras, P. (2006). Impact of 
comorbid autism spectrum disorders on stimulant response in children with attention 
deficit hyperactivity disorder: a retrospective and prospective effectiveness study. 
Child: Care, Health and Development, 32(5), 575–583. 
https://doi.org/10.1111/j.1365-2214.2006.00631.x 
Santosh, P. J., Gringras, P., Baird, G., Fiori, F., & Sala, R. (2015). Development and 
psychometric properties of the parent version of the Profile of Neuropsychiatric 
Symptoms (PONS) in children and adolescents. BMC Pediatrics, 15, 62. 
https://doi.org/10.1186/s12887-015-0376-x 
Santosh, P. J., & Mijovic, A. (2004). Social impairment in Hyperkinetic Disorder - relationship 
to psychopathology and environmental stressors. European Child & Adolescent 
Psychiatry, 13(3), 141–150. https://doi.org/10.1007/s00787-004-0372-4 
Sasayama, D., Hayashida, A., Yamasue, H., Harada, Y., Kaneko, T., Kasai, K., … Amano, 
N. (2010). Neuroanatomical correlates of attention-deficit-hyperactivity disorder 
accounting for comorbid oppositional defiant disorder and conduct disorder. 
Psychiatry and Clinical Neurosciences, 64(4), 394–402. 
https://doi.org/10.1111/j.1440-1819.2010.02102.x 
Schachar, R. J., Chen, S., Logan, G. D., Ornstein, T. J., Crosbie, J., Ickowicz, A., & Pakulak, 
A. (2004). Evidence for an error monitoring deficit in attention deficit hyperactivity 
disorder. Journal of Abnormal Child Psychology, 32(3), 285–293. 
Scheres, A., Oosterlaan, J., & Sergeant, J. A. (2001). Response execution and inhibition in 
children with AD/HD and other disruptive disorders: the role of behavioural 
activation. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 42(3), 
347–357. 
Schmitz, N., Rubia, K., Daly, E., Smith, A., Williams, S., & Murphy, D. G. (2006). Neural 
correlates of executive function in autistic spectrum disorders. Biol Psychiatry, 59(1), 
7–16. https://doi.org/10.1016/j.biopsych.2005.06.007 
Schneider, M. F., Krick, C. M., Retz, W., Hengesch, G., Retz-Junginger, P., Reith, W., & 




correlates with attention deficit hyperactivity disorder (ADHD) psychopathology in 
adults A functional magnetic resonance imaging (fMRI) study. Psychiatry Research-
Neuroimaging, 183(1), 75–84. https://doi.org/10.1016/j.pscychresns.2010.04.005 
Schuetze, M., Park, M. T. M., Cho, I. Y., MacMaster, F. P., Chakravarty, M. M., & Bray, S. L. 
(2016). Morphological Alterations in the Thalamus, Striatum, and Pallidum in Autism 
Spectrum Disorder. Neuropsychopharmacology. 
https://doi.org/10.1038/npp.2016.64 
Schulz, K. P., Bédard, A.-C. V., Fan, J., Clerkin, S. M., Dima, D., Newcorn, J. H., & Halperin, 
J. M. (2014). Emotional bias of cognitive control in adults with childhood attention-
deficit/hyperactivity disorder. NeuroImage: Clinical, 5, 1–9. 
https://doi.org/10.1016/j.nicl.2014.05.016 
Schulz, K. P., Fan, J., Bedard, A.-C. V., Clerkin, S. M., Ivanov, I., Tang, C. Y., … Newcorn, 
J. H. (2012). Common and Unique Therapeutic Mechanisms of Stimulant and 
Nonstimulant Treatments for Attention-Deficit/Hyperactivity Disorder. Archives of 
General Psychiatry, 69(9), 952–961. 
Schulz, K. P., Fan, J., Tang, C. Y., Newcorn, J. H., Buchsbaum, M. S., Cheung, A. M., & 
Halperin, J. M. (2004). Response inhibition in adolescents diagnosed with attention 
deficit hyperactivity disorder during childhood: An event-related fMRI study. 
American Journal of Psychiatry, 161(9), 1650–1657. 
https://doi.org/10.1176/appi.ajp.161.9.1650 
Schulz, K. P., Newcorn, J. H., Fan, J., Tang, C. Y., & Halperin, J. M. (2005). Brain activation 
gradients in ventrolateral prefrontal cortex related to persistence of ADHD in 
adolescent boys. Journal of the American Academy of Child and Adolescent 
Psychiatry, 44(1), 47–54. https://doi.org/10.1097/01.chi.0000145551.26813.f9 
Schulz, K. P., Tang, C. Y., Fan, J., Marks, D. J., Cheung, A. M., Newcorn, J. H., & Halperin, 
J. M. (2005). Differential prefrontal cortex activation during inhibitory control in 
adolescents with and without childhood attention-deficit/hyperactivity disorder. 
Neuropsychology, 19(3), 390–402. https://doi.org/10.1037/0894-4105.19.3.390 
Schwerdtfeger, R. M. H., Alahyane, N., Brien, D. C., Coe, B. C., Stroman, P. W., & Munoz, 
D. P. (2013). Preparatory neural networks are impaired in adults with attention-
deficit/hyperactivity disorder during the antisaccade task. Neuroimage-Clinical, 2, 
63–78. https://doi.org/10.1016/j.nicl.2012.10.006 
Sebastian, A., Gerdes, B., Feige, B., Kloeppel, S., Lange, T., Philipsen, A., … Tuescher, O. 
(2012). Neural correlates of interference inhibition, action withholding and action 
cancelation in adult ADHD. Psychiatry Research-Neuroimaging, 202(2), 132–141. 
https://doi.org/10.1016/j.pscychresns.2012.02.010 
Seeley, W. W., Menon, V., Schatzberg, A. F., Keller, J., Glover, G. H., Kenna, H., … 
Greicius, M. D. (2007). Dissociable intrinsic connectivity networks for salience 
processing and executive control. The Journal of Neuroscience: The Official Journal 
of the Society for Neuroscience, 27(9), 2349–2356. 
https://doi.org/10.1523/JNEUROSCI.5587-06.2007 
Seidman, L. J., Biederman, J., Liang, L., Valera, E. M., Monuteaux, M. C., Brown, A., … 
Makris, N. (2011). Gray Matter Alterations in Adults with Attention-
Deficit/Hyperactivity Disorder Identified by Voxel Based Morphometry. Biological 
Psychiatry, 69(9), 857–866. https://doi.org/10.1016/j.biopsych.2010.09.053 
Seltzer, M. M., Shattuck, P., Abbeduto, L., & Greenberg, J. S. (2004). Trajectory of 
development in adolescents and adults with autism. Mental Retardation and 
Developmental Disabilities Research Reviews, 10(4), 234–247. 
https://doi.org/10.1002/mrdd.20038 
Semrud-Clikeman, M., Steingard, R. J., Filipek, P., Biederman, J., Bekken, K., & Renshaw, 
P. F. (2000). Using MRI to examine brain-behavior relationships in males with 
attention deficit disorder with hyperactivity. Journal of the American Academy of 





Shafritz, K. M., Bregman, J. D., Ikuta, T., & Szeszko, P. R. (2015). Neural systems mediating 
decision-making and response inhibition for social and nonsocial stimuli in autism. 
Progress in Neuro-Psychopharmacology & Biological Psychiatry, 60, 112–120. 
https://doi.org/10.1016/j.pnpbp.2015.03.001 
Shafritz, K. M., Dichter, G. S., Baranek, G. T., & Belger, A. (2008). The neural circuitry 
mediating shifts in behavioral response and cognitive set in autism. Biological 
Psychiatry, 63(10), 974–980. https://doi.org/10.1016/j.biopsych.2007.06.028 
Sharp, D. J., Bonnelle, V., De Boissezon, X., Beckmann, C. F., James, S. G., Patel, M. C., & 
Mehta, M. A. (2010). Distinct frontal systems for response inhibition, attentional 
capture, and error processing. Proceedings of the National Academy of Sciences, 
107(13), 6106–6111. https://doi.org/10.1073/pnas.1000175107 
Shattuck, P. T., Narendorf, S. C., Cooper, B., Sterzing, P. R., Wagner, M., & Taylor, J. L. 
(2012). Postsecondary Education and Employment Among Youth With an Autism 
Spectrum Disorder. PEDIATRICS, 129(6), 1042–1049. 
https://doi.org/10.1542/peds.2011-2864 
Shaw, M., Hodgkins, P., Caci, H., Young, S., Kahle, J., Woods, A. G., & Arnold, L. E. (2012). 
A systematic review and analysis of long-term outcomes in attention deficit 
hyperactivity disorder: effects of treatment and non-treatment. BMC Medicine, 10(1), 
99. https://doi.org/10.1186/1741-7015-10-99 
Shaw, P., Eckstrand, K., Sharp, W., Blumenthal, J., Lerch, J. P., Greenstein, D., … 
Rapoport, J. L. (2007). Attention-deficit/hyperactivity disorder is characterized by a 
delay in cortical maturation. Proceedings of the National Academy of Sciences of 
the United States of America, 104(49), 19649–19654. 
https://doi.org/10.1073/pnas.0707741104 
Shaw, P., Kabani, N. J., Lerch, J. P., Eckstrand, K., Lenroot, R., Gogtay, N., … Wise, S. P. 
(2008). Neurodevelopmental Trajectories of the Human Cerebral Cortex. Journal of 
Neuroscience, 28(14), 3586–3594. https://doi.org/10.1523/JNEUROSCI.5309-
07.2008 
Shaw, P., Malek, M., Watson, B., Sharp, W., Evans, A., & Greenstein, D. (2012). 
Development of Cortical Surface Area and Gyrification in Attention-
Deficit/Hyperactivity Disorder. Biological Psychiatry, 72(3), 191–197. 
https://doi.org/10.1016/j.biopsych.2012.01.031 
Sheridan, M. A., Hinshaw, S., & D’Esposito, M. (2010). Stimulant Medication and Prefrontal 
Functional Connectivity During Working Memory in ADHD A Preliminary Report. 
Journal of Attention Disorders, 14(1), 69–78. 
https://doi.org/10.1177/1087054709347444 
Shiels Rosch, K., Dirlikov, B., & Mostofsky, S. H. (2013). Increased Intrasubject Variability in 
Boys with ADHD Across Tests of Motor and Cognitive Control. Journal of Abnormal 
Child Psychology, 41(3), 485–495. https://doi.org/10.1007/s10802-012-9690-z 
Shih, L. Y. L., Kuo, W.-J., Yeh, T.-C., Tzeng, O. J. L., & Hsieh, J.-C. (2009). Common neural 
mechanisms for explicit timing in the sub-second range. Neuroreport, 20(10), 897–
901. https://doi.org/10.1097/WNR.0b013e3283270b6e 
Shimada, K., Fujisawa, T. X., Takiguchi, S., Naruse, H., Kosaka, H., Okazawa, H., & 
Tomoda, A. (2015). Ethnic differences in COMT genetic effects on striatal grey 
matter alterations associated with childhood ADHD: A voxel-based morphometry 
study in a Japanese sample. The World Journal of Biological Psychiatry : The 
Official Journal of the World Federation of Societies of Biological Psychiatry, 1–7. 
https://doi.org/10.3109/15622975.2015.1102325 
Shuai, L., Chan, R. C. K., & Wang, Y. (2011). Executive Function Profile of Chinese Boys 
with Attention-Deficit Hyperactivity Disorder: Different Subtypes and Comorbidity. 





Sibley, M. H., Pelham, W. E., Molina, B. S. G., Gnagy, E. M., Waxmonsky, J. G., 
Waschbusch, D. A., … Kuriyan, A. B. (2012). When diagnosing ADHD in young 
adults emphasize informant reports, DSM items, and impairment. Journal of 
Consulting and Clinical Psychology, 80(6), 1052–1061. 
https://doi.org/10.1037/a0029098 
Sidlauskaite, J., Sonuga-Barke, E., Roeyers, H., & Wiersema, J. R. (2016). Default mode 
network abnormalities during state switching in attention deficit hyperactivity 
disorder. Psychological Medicine, 46(3), 519–528. 
https://doi.org/10.1017/S0033291715002019 
Sikora, D. M., Vora, P., Coury, D. L., & Rosenberg, D. (2012). Attention-Deficit/Hyperactivity 
Disorder Symptoms, Adaptive Functioning, and Quality of Life in Children With 
Autism Spectrum Disorder. PEDIATRICS, 130(Supplement), S91–S97. 
https://doi.org/10.1542/peds.2012-0900G 
Silani, G., Bird, G., Brindley, R., Singer, T., Frith, C., & Frith, U. (2008). Levels of emotional 
awareness and autism: an fMRI study. Social Neuroscience, 3(2), 97–112. 
https://doi.org/10.1080/17470910701577020 
Silva, K. L., Guimaraes-da-Silva, P. O., Grevet, E. H., Victor, M. M., Salgado, C. A. I., Vitola, 
E. S., … Bau, C. H. D. (2013). Cognitive Deficits in Adults With ADHD Go Beyond 
Comorbidity Effects. Journal of Attention Disorders, 17(6), 483–488. 
https://doi.org/10.1177/1087054711434155 
Simon, V., Czobor, P., Bálint, S., Mészáros, A., & Bitter, I. (2009). Prevalence and correlates 
of adult attention-deficit hyperactivity disorder: meta-analysis. The British Journal of 
Psychiatry: The Journal of Mental Science, 194(3), 204–211. 
https://doi.org/10.1192/bjp.bp.107.048827 
Simonoff, E., Jones, C. R. G., Baird, G., Pickles, A., Happé, F., & Charman, T. (2013). The 
persistence and stability of psychiatric problems in adolescents with autism 
spectrum disorders: Stability of psychiatric symptoms in autism spectrum disorders. 
Journal of Child Psychology and Psychiatry, 54(2), 186–194. 
https://doi.org/10.1111/j.1469-7610.2012.02606.x 
Simonoff, E., Pickles, A., Charman, T., Chandler, S., Loucas, T., & Baird, G. (2008). 
Psychiatric Disorders in Children With Autism Spectrum Disorders: Prevalence, 
Comorbidity, and Associated Factors in a Population-Derived Sample. Journal of the 
American Academy of Child & Adolescent Psychiatry, 47(8), 921–929. 
https://doi.org/10.1097/CHI.0b013e318179964f 
Singer, T., Seymour, B., O’Doherty, J. P., Stephan, K. E., Dolan, R. J., & Frith, C. D. (2006). 
Empathic neural responses are modulated by the perceived fairness of others. 
Nature, 439(7075), 466–469. https://doi.org/10.1038/nature04271 
Singh-Curry, V., & Husain, M. (2009). The functional role of the inferior parietal lobe in the 
dorsal and ventral stream dichotomy. Neuropsychologia, 47(6), 1434–1448. 
https://doi.org/10.1016/j.neuropsychologia.2008.11.033 
Siniatchkin, M., Glatthaar, N., von Mueller, G. G., Prehn-Kristensen, A., Wolff, S., Knoechel, 
S., … Gerber, W.-D. (2012). Behavioural Treatment Increases Activity in the 
Cognitive Neuronal Networks in Children with Attention Deficit/Hyperactivity 
Disorder. Brain Topography, 25(3), 332–344. https://doi.org/10.1007/s10548-012-
0221-6 
Sinzig, J., Morsch, D., Bruning, N., Schmidt, M. H., & Lehmkuhl, G. (2008). Inhibition, 
flexibility, working memory and planning in autism spectrum disorders with and 
without comorbid ADHD-symptoms. Child and Adolescent Psychiatry and Mental 
Health, 2(1), 4. https://doi.org/10.1186/1753-2000-2-4 
Sinzig, J., Morsch, D., & Lehmkuhl, G. (2008). Do hyperactivity, impulsivity and inattention 
have an impact on the ability of facial affect recognition in children with autism and 





Sjöwall, D., Roth, L., Lindqvist, S., & Thorell, L. B. (2013). Multiple deficits in ADHD: 
executive dysfunction, delay aversion, reaction time variability, and emotional 
deficits: Neuropsychological and emotional deficits in ADHD. Journal of Child 
Psychology and Psychiatry, 54(6), 619–627. https://doi.org/10.1111/jcpp.12006 
Skefos, J., Cummings, C., Enzer, K., Holiday, J., Weed, K., Levy, E., … Bauman, M. (2014). 
Regional Alterations in Purkinje Cell Density in Patients with Autism. PLoS ONE, 
9(2), e81255. https://doi.org/10.1371/journal.pone.0081255 
Skirrow, C., Ebner-Priemer, U., Reinhard, I., Malliaris, Y., Kuntsi, J., & Asherson, P. (2014). 
Everyday emotional experience of adults with attention deficit hyperactivity disorder: 
evidence for reactive and endogenous emotional lability. Psychological Medicine, 
44(16), 3571–3583. https://doi.org/10.1017/S0033291714001032 
Slama, H., Fery, P., Verheulpen, D., Vanzeveren, N., & Van Bogaert, P. (2015). Cognitive 
Improvement of Attention and Inhibition in the Late Afternoon in Children With 
Attention-Deficit Hyperactivity Disorder (ADHD) Treated With Osmotic-Release Oral 
System Methylphenidate. Journal of Child Neurology, 30(8), 1000–1009. 
https://doi.org/10.1177/0883073814550498 
Smith, A. B., Cubillo, A., Barrett, N., Giampietro, V., Simmons, A., Brammer, M., & Rubia, K. 
(2013). Neurofunctional effects of methylphenidate and atomoxetine in boys with 
attention-deficit/hyperactivity disorder during time discrimination. Biological 
Psychiatry, 74(8), 615–622. https://doi.org/10.1016/j.biopsych.2013.03.030 
Smith, A. B., Giampietro, V., Brammer, M., Halari, R., Simmons, A., & Rubia, K. (2011). 
Functional Development of Fronto-Striato-Parietal Networks Associated with Time 
Perception. Frontiers in Human Neuroscience, 5. 
https://doi.org/10.3389/fnhum.2011.00136 
Smith, A. B., Taylor, E., Brammer, M., Halari, R., & Rubia, K. (2008). Reduced activation in 
right lateral prefrontal cortex and anterior cingulate gyrus in medication-naive 
adolescents with attention deficit hyperactivity disorder during time discrimination. 
Journal of Child Psychology and Psychiatry, 49(9), 977–985. 
https://doi.org/10.1111/j.1469-7610.2008.01870.x 
Smith, A. B., Taylor, E., Brammer, M., & Rubia, K. (2004). Neural correlates of switching set 
as measured in fast, event-related functional magnetic resonance imaging. Human 
Brain Mapping, 21(4), 247–256. https://doi.org/10.1002/hbm.20007 
Smith, A. B., Taylor, E., Brammer, M., Toone, B., & Rubia, K. (2006). Task-specific 
hypoactivation in prefrontal and temporoparietal brain regions during motor inhibition 
and task switching in medication-naive children and adolescents with attention 
deficit hyperactivity disorder. The American Journal of Psychiatry, 163(6), 1044–
1051. https://doi.org/10.1176/ajp.2006.163.6.1044 
Smith, A. B., Taylor, E., Rogers, J. W., Newman, S., & Rubia, K. (2002). Evidence for a pure 
time perception deficit in children with ADHD. Journal of Child Psychology and 
Psychiatry, and Allied Disciplines, 43(4), 529–542. 
Sobanski, E., Schredl, M., Kettler, N., & Alm, B. (2008). Sleep in adults with attention deficit 
hyperactivity disorder (ADHD) before and during treatment with methylphenidate: a 
controlled polysomnographic study. Sleep, 31(3), 375–381. 
Solanto, M. V., Abikoff, H., Sonuga-Barke, E., Schachar, R., Logan, G. D., Wigal, T., … 
Turkel, E. (2001). The ecological validity of delay aversion and response inhibition 
as measures of impulsivity in AD/HD: a supplement to the NIMH multimodal 
treatment study of AD/HD. J Abnorm Child Psychol, 29(3), 215–28. 
Solanto, M. V., Schulz, K. P., Fan, J., Tang, C. Y., & Newcorn, J. H. (2009). Event-Related 
fMRI of Inhibitory Control in the Predominantly Inattentive and Combined Subtypes 
of ADHD. Journal of Neuroimaging, 19(3), 205–212. https://doi.org/10.1111/j.1552-
6569.2008.00289.x 
Solomon, M., Ozonoff, S. J., Ursu, S., Ravizza, S., Cummings, N., Ly, S., & Carter, C. S. 




disorders. Neuropsychologia, 47(12), 2515–2526. 
https://doi.org/http://dx.doi.org/10.1016/j.neuropsychologia.2009.04.019 
Solomon, M., Yoon, J. H., Ragland, J. D., Niendam, T. A., Lesh, T. A., Fairbrother, W., & 
Carter, C. S. (2014). The Development of the Neural Substrates of Cognitive Control 
in Adolescents with Autism Spectrum Disorders. Biological Psychiatry, 76(5), 412–
421. https://doi.org/10.1016/j.biopsych.2013.08.036 
Sonuga-Barke, E. J., Bitsakou, P., & Thompson, M. (2010). Beyond the dual pathway model: 
evidence for the dissociation of timing, inhibitory, and delay-related impairments in 
attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry, 49(4), 
345–55. 
Sonuga-Barke, E. J., Dalen, L., & Remington, B. (2003). Do Executive Deficits and Delay 
Aversion Make Independent Contributions to Preschool Attention-
Deficit/Hyperactivity Disorder Symptoms? Journal of the American Academy of Child 
& Adolescent Psychiatry, 42(11), 1335–1342. 
https://doi.org/10.1097/01.chi.0000087564.34977.21 
Sonuga-Barke, E. J., Sergeant, J. A., Nigg, J., & Willcutt, E. (2008). Executive Dysfunction 
and Delay Aversion in Attention Deficit Hyperactivity Disorder: Nosologic and 
Diagnostic Implications. Child and Adolescent Psychiatric Clinics of North America, 
17(2), 367–384. https://doi.org/10.1016/j.chc.2007.11.008 
Sotnikova, A., Steinmann, E., Wendisch, V., Gerber-von Mueller, G., Stephani, U., 
Petermann, F., … Siniatchkin, M. (2012). Long-term Effects of a Multimodal 
Behavioural ADHD Training: a fMRI Study. Zeitschrift Fur Neuropsychologie, 23(4), 
205–213. https://doi.org/10.1024/1016-264X/a000075 
Sowell, E. R., Peterson, B. S., Thompson, P. M., Welcome, S. E., Henkenius, A. L., & Toga, 
A. W. (2003). Mapping cortical change across the human life span. Nature 
Neuroscience, 6(3), 309–315. https://doi.org/10.1038/nn1008 
Sowell, E. R., Thompson, P. M., Welcome, S. E., Henkenius, A. L., Toga, A. W., & Peterson, 
B. S. (2003). Cortical abnormalities in children and adolescents with attention-deficit 
hyperactivity disorder. The Lancet, 362(9397), 1699–1707. 
https://doi.org/http://dx.doi.org/10.1016/S0140-6736(03)14842-8 
Spek, A. A., Scholte, E. M., & Van Berckelaer-Onnes, I. A. (2010). Theory of Mind in Adults 
with HFA and Asperger Syndrome. Journal of Autism and Developmental Disorders, 
40(3), 280–289. https://doi.org/10.1007/s10803-009-0860-y 
Spencer, M. D., Chura, L. R., Holt, R. J., Suckling, J., Calder, A. J., Bullmore, E. T., & Baron-
Cohen, S. (2012). Failure to deactivate the default mode network indicates a 
possible endophenotype of autism. Molecular Autism, 3(1), 15. 
https://doi.org/10.1186/2040-2392-3-15 
Spencer, T., Biederman, J., Wilens, T., Doyle, R., Surman, C., Prince, J., … Faraone, S. 
(2005). A large, double-blind, randomized clinical trial of methylphenidate in the 
treatment of adults with attention-deficit/hyperactivity disorder. Biological Psychiatry, 
57(5), 456–463. https://doi.org/10.1016/j.biopsych.2004.11.043 
Spinelli, S., Joel, S., Nelson, T. E., Vasa, R. A., Pekar, J. J., & Mostofsky, S. H. (2011). 
Different Neural Patterns Are Associated With Trials Preceding Inhibitory Errors in 
Children With and Without Attention-Deficit/Hyperactivity Disorder. Journal of the 
American Academy of Child and Adolescent Psychiatry, 50(7), 705–715. 
https://doi.org/10.1016/j.jaac.2011.03.014 
Spinelli, S., Vasa, R. A., Joel, S., Nelson, T. E., Pekar, J. J., & Mostofsky, S. H. (2011). 
Variability in post-error behavioral adjustment is associated with functional 
abnormalities in the temporal cortex in children with ADHD. Journal of Child 
Psychology and Psychiatry, 52(7), 808–816. https://doi.org/10.1111/j.1469-
7610.2010.02356.x 
Sprenger, L., Bühler, E., Poustka, L., Bach, C., Heinzel-Gutenbrunner, M., Kamp-Becker, I., 




symptom severity. Research in Developmental Disabilities, 34(10), 3545–3552. 
https://doi.org/10.1016/j.ridd.2013.07.028 
Spunt, R. P., Lieberman, M. D., Cohen, J. R., & Eisenberger, N. I. (2012). The 
Phenomenology of Error Processing: The Dorsal ACC Response to Stop-signal 
Errors Tracks Reports of Negative Affect. Journal of Cognitive Neuroscience, 24(8), 
1753–1765. https://doi.org/10.1162/jocn_a_00242 
Sripada, C. S., Kessler, D., & Angstadt, M. (2014). Lag in maturation of the brain’s intrinsic 
functional architecture in attention-deficit/hyperactivity disorder. Proceedings of the 
National Academy of Sciences, 111(39), 14259–14264. 
https://doi.org/10.1073/pnas.1407787111 
Stanfield, A. C., McIntosh, A. M., Spencer, M. D., Philip, R., Gaur, S., & Lawrie, S. M. 
(2008). Towards a neuroanatomy of autism: A systematic review and meta-analysis 
of structural magnetic resonance imaging studies. European Psychiatry, 23(4), 289–
299. https://doi.org/10.1016/j.eurpsy.2007.05.006 
StataCorp, L. P. (2009). Stata: Release 11 Base Reference Manual. College Station, TX: 
Stata Press. 
StataCorp, L. P. (2015). Stata: Release 14 Base Reference Manual. College Station, TX: 
Stata Press. 
Stevens, M. C., & Haney-Caron, E. (2012). Comparison of brain volume abnormalities 
between ADHD and conduct disorder in adolescence. Journal of Psychiatry and 
Neuroscience, 37(6), 389–398. https://doi.org/10.1503/jpn.110148 
Stoodley, C. J. (2012). The Cerebellum and Cognition: Evidence from Functional Imaging 
Studies. The Cerebellum, 11(2), 352–365. https://doi.org/10.1007/s12311-011-0260-
7 
Stoodley, C. J. (2014). Distinct regions of the cerebellum show gray matter decreases in 
autism, ADHD, and developmental dyslexia. Frontiers in Systems Neuroscience, 8, 
92–92. https://doi.org/10.3389/fnsys.2014.00092 
Strick, P. L., Dum, R. P., & Fiez, J. A. (2009). Cerebellum and Nonmotor Function. Annual 
Review of Neuroscience, 32(1), 413–434. 
https://doi.org/10.1146/annurev.neuro.31.060407.125606 
Stroehle, A., Stoy, M., Wrase, J., Schwarzer, S., Schlagenhauf, F., Huss, M., … Heinz, A. 
(2008). Reward anticipation and outcomes in adult males with attention-
deficit/hyperactivity disorder. Neuroimage, 39(3), 966–972. 
https://doi.org/10.1016/j.neuroimage.2007.09.044 
Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I., Williamson, G. D., Rennie, D., … 
Thacker, S. B. (2000). Meta-analysis of observational studies in epidemiology: a 
proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology 
(MOOSE) group. JAMA, 283(15), 2008–2012. 
Suarez, I., Lopera, F., Pineda, D., & Casini, L. (2013). The cognitive structure of time 
estimation impairments in adults with attention deficit hyperactivity disorder. 
Cognitive Neuropsychology, 30(4), 195–207. 
https://doi.org/10.1080/02643294.2013.842548 
Sugranyes, G., Kyriakopoulos, M., Corrigall, R., Taylor, E., & Frangou, S. (2011). Autism 
Spectrum Disorders and Schizophrenia: Meta-Analysis of the Neural Correlates of 
Social Cognition. PLoS ONE, 6(10), e25322. 
https://doi.org/10.1371/journal.pone.0025322 
Surman, C. B. H., Biederman, J., Spencer, T., Miller, C. A., McDermott, K. M., & Faraone, S. 
V. (2013). Understanding deficient emotional self-regulation in adults with attention 
deficit hyperactivity disorder: a controlled study. ADHD Attention Deficit and 
Hyperactivity Disorders, 5(3), 273–281. https://doi.org/10.1007/s12402-012-0100-8 
Suskauer, S. J., Simmonds, D. J., Fotedar, S., Blankner, J. G., Pekar, J. J., Denckla, M. B., 




abnormalities in response selection in attention deficit hyperactivity disorder: 
differences in activation  associated with response inhibition but not habitual motor 
response. Journal of Cognitive Neuroscience, 20(3), 478–493. 
https://doi.org/10.1162/jocn.2008.20032 
Sussman, D., Leung, R. C., Vogan, V. M., Lee, W., Trelle, S., Lin, S., … Taylor, M. J. (2015). 
The autism puzzle: Diffuse but not pervasive neuroanatomical abnormalities in 
children with ASD. NeuroImage: Clinical, 8, 170–179. 
https://doi.org/10.1016/j.nicl.2015.04.008 
Swanson, J. M., Sergeant, J. A., Taylor, E., Sonuga-Barke, E., Jensen, P., & Cantwell, D. 
(1998). Attention-deficit hyperactivity disorder and hyperkinetic disorder. The Lancet, 
351(9100), 429–433. https://doi.org/10.1016/S0140-6736(97)11450-7 
Swick, D., Ashley, V., & Turken, U. (2011). Are the neural correlates of stopping and not 
going identical? Quantitative meta-analysis of two response inhibition tasks. 
NeuroImage, 56(3), 1655–1665. https://doi.org/10.1016/j.neuroimage.2011.02.070 
Szelag, E., Kowalska, J., Galkowski, T., & Pöppel, E. (2004). Temporal processing deficits in 
high-functioning children with autism. British Journal of Psychology (London, 
England: 1953), 95(Pt 3), 269–282. https://doi.org/10.1348/0007126041528167 
Tabachnick, B. G., & Fidell, L. S. (2014). Using multivariate statistics (6. ed., Pearson new 
internat. ed). Harlow: Pearson. 
Tager-Flusberg, H. (2007). Evaluating the Theory-of-Mind Hypothesis of Autism. Current 
Directions in Psychological Science, 16(6), 311–315. https://doi.org/10.1111/j.1467-
8721.2007.00527.x 
Takezawa, T., & Miyatani, M. (2005). Quantitative relation between conflict and response 
inhibition in the Flanker task. Psychological Reports, 97(2), 515–526. 
https://doi.org/10.2466/pr0.97.2.515-526 
Tamm, L., Menon, V., Ringel, J., & Reiss, A. L. (2004). Event-related fMRI evidence of 
frontotemporal involvement in aberrant response inhibition and task switching in 
attention-deficit/hlyperactivity disorder. Journal of the American Academy of Child 
and Adolescent Psychiatry, 43(11), 1430–1440. 
https://doi.org/10.1097/01.chi.0000140452.51205.8d 
Tamm, L., Narad, M. E., Antonini, T. N., O’Brien, K. M., Hawk, L. W., & Epstein, J. N. (2012). 
Reaction Time Variability in ADHD: A Review. Neurotherapeutics, 9(3), 500–508. 
https://doi.org/10.1007/s13311-012-0138-5 
Tamura, R., Kitamura, H., Endo, T., Hasegawa, N., & Someya, T. (2010). Reduced thalamic 
volume observed across different subgroups of autism spectrum disorders. 
Psychiatry Research: Neuroimaging, 184(3), 186–188. 
https://doi.org/10.1016/j.pscychresns.2010.07.001 
Taurines, R., Schmitt, J., Renner, T., Conner, A. C., Warnke, A., & Romanos, M. (2010). 
Developmental comorbidity in attention-deficit/hyperactivity disorder. ADHD 
Attention Deficit and Hyperactivity Disorders, 2(4), 267–289. 
https://doi.org/10.1007/s12402-010-0040-0 
Taylor, K. S., Seminowicz, D. A., & Davis, K. D. (2009). Two systems of resting state 
connectivity between the insula and cingulate cortex. Human Brain Mapping, 30(9), 
2731–2745. https://doi.org/10.1002/hbm.20705 
Thirion, B., Pinel, P., Mériaux, S., Roche, A., Dehaene, S., & Poline, J.-B. (2007). Analysis of 
a large fMRI cohort: Statistical and methodological issues for group analyses. 
NeuroImage, 35(1), 105–120. https://doi.org/10.1016/j.neuroimage.2006.11.054 
Thomas, M. S. C., Annaz, D., Ansari, D., Scerif, G., Jarrold, C., & Karmiloff-Smith, A. (2009). 
Using Developmental Trajectories to Understand Developmental Disorders. Journal 





Thomas, S., Sciberras, E., Lycett, K., Papadopoulos, N., & Rinehart, N. (2015). Physical 
Functioning, Emotional, and Behavioral Problems in Children With ADHD and 
Comorbid ASD: A Cross-Sectional Study. Journal of Attention Disorders. 
https://doi.org/10.1177/1087054715587096 
Toal, F., Daly, E. M., Page, L., Deeley, Q., Hallahan, B., Bloemen, O., … Murphy, D. G. M. 
(2010). Clinical and anatomical heterogeneity in autistic spectrum disorder: A 
structural MRI study. Psychological Medicine, 40(7), 1171–1181. 
https://doi.org/10.1017/S0033291709991541 
Todd, R. D., Huang, H., & Henderson, C. A. (2008). Poor utility of the age of onset criterion 
for DSM-IV attention deficit/hyperactivity disorder: recommendations for DSM-V and 
ICD-11. Journal of Child Psychology and Psychiatry, 49(9), 942–949. 
https://doi.org/10.1111/j.1469-7610.2008.01892.x 
Toplak, M., Rucklidge, J. J., Hetherington, R., John, S. C. F., & Tannock, R. (2003). Time 
perception deficits in attention-deficit/ hyperactivity disorder and comorbid reading 
difficulties in child and adolescent samples. Journal of Child Psychology and 
Psychiatry, and Allied Disciplines, 44(6), 888–903. 
Toplak, M., & Tannock, R. (2005). Time Perception: Modality and Duration Effects in 
Attention-Deficit/Hyperactivity Disorder (ADHD). Journal of Abnormal Child 
Psychology, 33(5), 639–654. https://doi.org/10.1007/s10802-005-6743-6 
Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare, T. A., … Nelson, 
C. (2009). The NimStim set of facial expressions: Judgments from untrained 
research participants. Psychiatry Research, 168(3), 242–249. 
https://doi.org/10.1016/j.psychres.2008.05.006 
Travis, L., Sigman, M., & Ruskin, E. (2001). Links between social understanding and social 
behavior in verbally able children with autism. Journal of Autism and Developmental 
Disorders, 31(2), 119–130. 
Tregay, J., Gilmour, J., & Charman, T. (2009). Childhood rituals and executive functions. 
British Journal of Developmental Psychology, 27(2), 283–296. 
https://doi.org/10.1348/026151008X299737 
Tregellas, J. R., Davalos, D. B., & Rojas, D. C. (2006). Effect of task difficulty on the 
functional anatomy of temporal processing. NeuroImage, 32(1), 307–315. 
https://doi.org/10.1016/j.neuroimage.2006.02.036 
Trommer, B. L., Hoeppner, J.-A. B., Lorber, R., & Armstrong, K. J. (1988). The Go--No-Go 
paradigm in attention deficit disorder. Annals of Neurology, 24(5), 610–614. 
https://doi.org/10.1002/ana.410240504 
Troost, P. W., Steenhuis, M.-P., Tuynman-Qua, H. G., Kalverdijk, L. J., Buitelaar, J. K., 
Minderaa, R. B., & Hoekstra, P. J. (2006). Atomoxetine for Attention-
Deficit/Hyperactivity Disorder Symptoms in Children with Pervasive Developmental 
Disorders: APilot Study. Journal of Child and Adolescent Psychopharmacology, 
16(5), 611–619. https://doi.org/10.1089/cap.2006.16.611 
Troyb, E., Orinstein, A., Tyson, K., Helt, M., Eigsti, I.-M., Stevens, M., & Fein, D. (2014). 
Academic abilities in children and adolescents with a history of autism spectrum 
disorders who have achieved optimal outcomes. Autism, 18(3), 233–243. 
https://doi.org/10.1177/1362361312473519 
Tsatsanis, K. D., Rourke, B. P., Klin, A., Volkmar, F. R., Cicchetti, D., & Schultz, R. T. 
(2003). Reduced thalamic volume in high-functioning individuals with autism. 
Biological Psychiatry, 53(2), 121–129. https://doi.org/10.1016/S0006-
3223(02)01530-5 
Tureck, K., Matson, J. L., Cervantes, P., & Turygin, N. (2013). Autism severity as a predictor 





Turner, M. (1999). Annotation: Repetitive Behaviour in Autism: A Review of Psychological 
Research. Journal of Child Psychology and Psychiatry, 40(6), 839–849. 
https://doi.org/10.1111/1469-7610.00502 
Tye, C., Asherson, P., Ashwood, K. L., Azadi, B., Bolton, P., & McLoughlin, G. (2014). 
Attention and inhibition in children with ASD, ADHD and co-morbid ASD + ADHD: an 
event-related potential study. Psychological Medicine, 44(5), 1101–1116. 
https://doi.org/10.1017/S0033291713001049 
Tye, C., Battaglia, M., Bertoletti, E., Ashwood, K. L., Azadi, B., Asherson, P., … McLoughlin, 
G. (2014). Altered neurophysiological responses to emotional faces discriminate 
children with ASD, ADHD and ASD+ADHD. Biological Psychology, 103, 125–134. 
https://doi.org/10.1016/j.biopsycho.2014.08.013 
Tye, C., Mercure, E., Ashwood, K. L., Azadi, B., Asherson, P., Johnson, M. H., … 
McLoughlin, G. (2013). Neurophysiological responses to faces and gaze direction 
differentiate children with ASD, ADHD and ASD + ADHD. Developmental Cognitive 
Neuroscience, 5, 71–85. https://doi.org/10.1016/j.dcn.2013.01.001 
Uddin, L. Q., Menon, V., Young, C. B., Ryali, S., Chen, T., Khouzam, A., … Hardan, A. Y. 
(2011). Multivariate searchlight classification of structural magnetic resonance 
imaging  in children and adolescents with autism. Biological Psychiatry, 70(9), 833–
841. https://doi.org/10.1016/j.biopsych.2011.07.014 
Uekermann, J., Kraemer, M., Abdel-Hamid, M., Schimmelmann, B. G., Hebebrand, J., 
Daum, I., … Kis, B. (2010). Social cognition in attention-deficit hyperactivity disorder 
(ADHD). Neuroscience and Biobehavioral Reviews, 34(5), 734–743. 
https://doi.org/10.1016/j.neubiorev.2009.10.009 
Uljarevic, M., & Hamilton, A. (2013). Recognition of Emotions in Autism: A Formal Meta-
Analysis. Journal of Autism and Developmental Disorders, 43(7), 1517–1526. 
https://doi.org/10.1007/s10803-012-1695-5 
Underwood, M. K., Beron, K. J., & Rosen, L. H. (2009). Continuity and change in social and 
physical aggression from middle childhood through early adolescence. Aggressive 
Behavior, 35(5), 357–375. https://doi.org/10.1002/ab.20313 
Unterrainer, J. M., Rauh, R., Rahm, B., Hardt, J., Kaller, C. P., Klein, C., … Biscaldi, M. 
(2015). Development of Planning in Children with High-Functioning Autism 
Spectrum Disorders and/or Attention Deficit/Hyperactivity Disorder. Autism 
Research: Official Journal of the International Society for Autism Research. 
https://doi.org/10.1002/aur.1574 
Vaidya, C. J., Austin, G., Kirkorian, G., Ridlehuber, H. W., Desmond, J. E., Glover, G. H., & 
Gabrieli, J. D. E. (1998). Selective effects of methylphenidate in attention deficit 
hyperactivity disorder: A functional magnetic resonance study. Proceedings of the 
National Academy of Sciences of the United States of America, 95(24), 14494–
14499. https://doi.org/10.1073/pnas.95.24.14494 
Vaidya, C. J., Bunge, S. A., Dudukovic, N. M., & Zalecki, C. A. (2005). Altered neural 
substrates of cognitive control in childhood ADHD: Evidence from functional 
magnetic resonance imaging. American Journal of Psychiatry, 162(9), 1605–1613. 
https://doi.org/10.1176/appi.ajp.162.9.1605 
Vaidya, C. J., Foss-Feig, J., Shook, D., Kaplan, L., Kenworthy, L., & Gaillard, W. D. (2011). 
Controlling attention to gaze and arrows in childhood: An fMRI study of typical 
development and Autism Spectrum Disorders. Developmental Science, 14(4), 911–
924. https://doi.org/10.1111/j.1467-7687.2011.01041.x 
Valera, E. M., Faraone, S. V., Biederman, J., Poldrack, R. A., & Seidman, L. J. (2005). 
Functional neuroanatomy of working memory in adults with attention-





Valera, E. M., Faraone, S. V., Murray, K. E., & Seidman, L. J. (2007). Meta-analysis of 
structural imaging findings in attention-deficit/hyperactivity disorder. Biological 
Psychiatry, 61(12), 1361–1369. https://doi.org/10.1016/j.biopsych.2006.06.011 
Valera, E. M., Spencer, R. M. C., Zeffiro, T. A., Makris, N., Spencer, T. J., Faraone, S. V., … 
Seidman, L. J. (2010). Neural Substrates of Impaired Sensorimotor Timing in Adult 
Attention-Deficit/Hyperactivity Disorder. Biological Psychiatry, 68(4), 359–367. 
https://doi.org/10.1016/j.biopsych.2010.05.012 
Van Daalen, E., Kemner, C., Dietz, C., Swinkels, S. H. N., Buitelaar, J. K., & van Engeland, 
H. (2009). Inter-rater reliability and stability of diagnoses of autism spectrum 
disorder in children identified through screening at a very young age. European 
Child & Adolescent Psychiatry, 18(11), 663–674. https://doi.org/10.1007/s00787-
009-0025-8 
Van der Meer, D., Hoekstra, P. J., Zwiers, M., Mennes, M., Schweren, L. J., Franke, B., … 
Hartman, C. A. (2015). Brain Correlates of the Interaction Between 5-HTTLPR and 
Psychosocial Stress Mediating Attention Deficit Hyperactivity Disorder Severity. 
American Journal of Psychiatry, 172(8), 768–775. 
https://doi.org/10.1176/appi.ajp.2015.14081035 
Van der Meer, J. M. J., Oerlemans, A. M., van Steijn, D. J., Lappenschaar, M. G. A., de 
Sonneville, L. M. J., Buitelaar, J. K., & Rommelse, N. N. J. (2012). Are Autism 
Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder Different 
Manifestations of One Overarching Disorder? Cognitive and Symptom Evidence 
From a Clinical and Population-Based Sample. Journal of the American Academy of 
Child & Adolescent Psychiatry, 51(11), 1160–1172.e3. 
https://doi.org/10.1016/j.jaac.2012.08.024 
Van Ewijk, H., Weeda, W. D., Heslenfeld, D. J., Luman, M., Hartman, C. A., Hoekstra, P. J., 
… Oosterlaan, J. (2015). Neural correlates of visuospatial working memory in 
attention-deficit/hyperactivity disorder and healthy controls. Psychiatry Research, 
233(2), 233–242. https://doi.org/10.1016/j.pscychresns.2015.07.003 
Van Eylen, L., Boets, B., Steyaert, J., Wagemans, J., & Noens, I. (2015). Executive 
functioning in autism spectrum disorders: influence of task and sample 
characteristics and relation to symptom severity. European Child & Adolescent 
Psychiatry, 24(11), 1399–1417. https://doi.org/10.1007/s00787-015-0689-1 
Van Lieshout, M., Luman, M., Twisk, J. W. R., van Ewijk, H., Groenman, A. P., Thissen, A. J. 
A. M., … Oosterlaan, J. (2016). A 6-year follow-up of a large European cohort of 
children with attention-deficit/hyperactivity disorder-combined subtype: outcomes in 
late adolescence and young adulthood. European Child & Adolescent Psychiatry. 
https://doi.org/10.1007/s00787-016-0820-y 
Van Overwalle, F. (2009). Social cognition and the brain: A meta-analysis. Human Brain 
Mapping, 30(3), 829–858. https://doi.org/10.1002/hbm.20547 
Van Rooij, D., & Buitelaar, J. K. (2015). [Neural activation and connectivity during response 
inhibition in adolescents with ADHD]. Tijdschrift voor psychiatrie, 57(12), 917–922. 
Van Rooij, D., Hoekstra, P. J., Mennes, M., von Rhein, D., Thissen, A. J. A. M., Hestenfeld, 
D., … Hartman, C. A. (2015). Distinguishing Adolescents With ADHD From Their 
Unaffected Siblings and Healthy Comparison Subjects by Neural Activation Patterns 
During Response Inhibition. American Journal of Psychiatry, 172(7), 674–683. 
https://doi.org/10.1176/appi.ajp.2014.13121635 
Van Steensel, F. J. A., Bögels, S. M., & de Bruin, E. I. (2013). Psychiatric Comorbidity in 
Children with Autism Spectrum Disorders: A Comparison with Children with ADHD. 
Journal of Child and Family Studies, 22(3), 368–376. 
https://doi.org/10.1007/s10826-012-9587-z 
Van Steijn, D. J., Oerlemans, A. M., de Ruiter, S. W., van Aken, M. A. G., Buitelaar, J. K., & 
Rommelse, N. N. J. (2013). Are parental autism spectrum disorder and/or attention-




ASD (+ADHD) affected children? European Child & Adolescent Psychiatry, 22(11), 
671–681. https://doi.org/10.1007/s00787-013-0408-8 
Van ’t Ent, D., Lehn, H., Derks, E. M., Hudziak, J. J., Van Strien, N. M., Veltman, D. J., … 
Boomsma, D. I. (2007). A structural MRI study in monozygotic twins concordant or 
discordant for attention/hyperactivity problems: evidence for genetic and 
environmental heterogeneity in the developing brain. NeuroImage, 35(3), 1004–20. 
https://doi.org/10.1016/j.neuroimage.2007.01.037 
Van ’t Ent, D., van Beijsterveldt, C. E. M., Derks, E. M., Hudziak, J. J., Veltman, D. J., Todd, 
R. D., … De Geus, E. J. C. (2009). Neuroimaging of response interference in twins 
concordant or discordant for inattention and hyperactivity symptoms. Neuroscience, 
164(1), 16–29. https://doi.org/10.1016/j.neuroscience.2009.01.056 
Van Veluw, S. J., & Chance, S. A. (2014). Differentiating between self and others: an ALE 
meta-analysis of fMRI studies of self-recognition and theory of mind. Brain Imaging 
and Behavior, 8(1), 24–38. https://doi.org/10.1007/s11682-013-9266-8 
Van Wingen, G. A., van den Brink, W., Veltman, D. J., Schmaal, L., Dom, G., Booij, J., & 
Crunelle, C. L. (2013). Reduced striatal brain volumes in non-medicated adult ADHD 
patients with comorbid cocaine dependence. Drug and Alcohol Dependence, 131(3), 
198–203. https://doi.org/10.1016/j.drugalcdep.2013.05.007 
Vande Voort, J. L., He, J.-P., Jameson, N. D., & Merikangas, K. R. (2014). Impact of the 
DSM-5 Attention-Deficit/Hyperactivity Disorder Age-of-Onset Criterion in the US 
Adolescent Population. Journal of the American Academy of Child & Adolescent 
Psychiatry, 53(7), 736–744. https://doi.org/10.1016/j.jaac.2014.03.005 
Vasic, N., Plichta, M. M., Wolf, R. C., Fallgatter, A. J., Sosic-Vasic, Z., & Gron, G. (2014). 
Reduced Neural Error Signaling in Left Inferior Prefrontal Cortex in Young Adults 
With ADHD. Journal of Attention Disorders, 18(8), 659–670. 
https://doi.org/10.1177/1087054712446172 
Verbruggen, F., & Logan, G. D. (2008). Response inhibition in the stop-signal paradigm. 
Trends in Cognitive Sciences, 12(11), 418–424. 
https://doi.org/10.1016/j.tics.2008.07.005 
Verbruggen, F., & Logan, G. D. (2009a). Models of response inhibition in the stop-signal and 
stop-change paradigms. Neuroscience and Biobehavioral Reviews, 33(5), 647–661. 
https://doi.org/10.1016/j.neubiorev.2008.08.014 
Verbruggen, F., & Logan, G. D. (2009b). Proactive adjustments of response strategies in the 
stop-signal paradigm. Journal of Experimental Psychology: Human Perception and 
Performance, 35(3), 835–854. https://doi.org/10.1037/a0012726 
Verté, S., Geurts, H. M., Roeyers, H., Oosterlaan, J., & Sergeant, J. A. (2006). Executive 
functioning in children with an Autism Spectrum Disorder: can we differentiate within 
the spectrum? Journal of Autism and Developmental Disorders, 36(3), 351–372. 
https://doi.org/10.1007/s10803-006-0074-5 
Viding, E., & Blakemore, S.-J. (2007). Endophenotype Approach to Developmental 
Psychopathology: Implications for Autism Research. Behavior Genetics, 37(1), 51–
60. https://doi.org/10.1007/s10519-006-9105-4 
Villemonteix, T., De Brito, S. A., Kavec, M., Baleriaux, D., Metens, T., Slama, H., … Massat, 
I. (2015). Grey matter volumes in treatment naive vs. chronically treated children 
with attention deficit/hyperactivity disorder: a combined approach. European 
Neuropsychopharmacology, 25(8), 1118–1127. 
https://doi.org/10.1016/j.euroneuro.2015.04.015 
Villemonteix, T., De Brito, S. A., Slama, H., Kavec, M., Baleriaux, D., Metens, T., … Massat, 
I. (2015). Grey matter volume differences associated with gender in children with 
attention-deficit/hyperactivity disorder: A voxel-based morphometry study. 





Vink, M., Kahn, R. S., Raemaekers, M., van den Heuvel, M., Boersma, M., & Ramsey, N. F. 
(2005). Function of striatum beyond inhibition and execution of motor responses. 
Human Brain Mapping, 25(3), 336–344. https://doi.org/10.1002/hbm.20111 
Vloet, T. D., Gilsbach, S., Neufang, S., Fink, G. R., Herpertz-Dahlmann, B., & Konrad, K. 
(2010). Neural Mechanisms of Interference Control and Time Discrimination in 
Attention-Deficit/Hyperactivity Disorder. Journal of the American Academy of Child 
and Adolescent Psychiatry, 49(4), 356–367. https://doi.org/10.1097/00004583-
201004000-00010 
Vloet, T. D., Marx, I., Kahraman-Lanzerath, B., Zepf, F. D., Herpertz-Dahlmann, B., & 
Konrad, K. (2010). Neurocognitive performance in children with ADHD and OCD. J 
Abnorm Child Psychol, 38(7), 961–9. https://doi.org/10.1007/s10802-010-9422-1 
Vogan, V. M., Morgan, B. R., Lee, W., Powell, T. L., Smith, M. L., & Taylor, M. J. (2014). The 
neural correlates of visuo-spatial working memory in children with autism spectrum 
disorder: effects of cognitive load. Journal of Neurodevelopmental Disorders, 6, 19. 
https://doi.org/10.1186/1866-1955-6-19 
Von Rhein, D., Cools, R., Zwiers, M. P., Van Der Schaaf, M., Franke, B., Luman, M., … 
Buitelaar, J. (2015). Increased neural responses to reward in adolescents and 
young adults with attention-deficit/hyperactivity disorder and their unaffected 
siblings. Journal of the American Academy of Child and Adolescent Psychiatry, 
54(5), 394–402. https://doi.org/10.1016/j.jaac.2015.02.012 
Vossel, S., Geng, J. J., & Fink, G. R. (2014). Dorsal and Ventral Attention Systems: Distinct 
Neural Circuits but Collaborative Roles. The Neuroscientist, 20(2), 150–159. 
https://doi.org/10.1177/1073858413494269 
Waiter, G. D., Williams, J. H. G., Murray, A. D., Gilchrist, A., Perrett, D. I., & Whiten, A. 
(2004). A voxel-based investigation of brain structure in male adolescents with 
autistic spectrum disorder. NeuroImage, 22(2), 619–625. 
https://doi.org/10.1016/j.neuroimage.2004.02.029 
Wallace, G. L., Case, L. K., Harms, M. B., Silvers, J. A., Kenworthy, L., & Martin, A. (2011). 
Diminished Sensitivity to Sad Facial Expressions in High Functioning Autism 
Spectrum Disorders is Associated with Symptomatology and Adaptive Functioning. 
Journal of Autism and Developmental Disorders, 41(11), 1475–1486. 
https://doi.org/10.1007/s10803-010-1170-0 
Wang, J., Jiang, T., Cao, Q., & Wang, Y. (2007). Characterizing anatomic differences in 
boys with attention-deficit/hyperactivity disorder with the use of deformation-based 
morphometry. AJNR. American Journal of Neuroradiology, 28(3), 543–547. 
Wang, S., Yang, Y., Xing, W., Chen, J., Liu, C., & Luo, X. (2013). Altered neural circuits 
related to sustained attention and executive control in children with ADHD: An 
event-related fMRI study. Clinical Neurophysiology, 124(11), 2181–2190. 
https://doi.org/10.1016/j.clinph.2013.05.008 
Wechsler, D. (1992). Wechsler Intelligence Scale for Children, Third UK Edition. London: 
The Psychological Corporation. 
Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence (WASI). London: The 
Psychological Corporation. 
Wechsler, D. (2008). Wechsler adult intelligence scale: WAIS-IV ; technical and interpretive 
manual (4. ed). San Antonio, Tex. [u.a]: Pearson. 
Wechsler, D. (2011). Wechsler Abbreviated Scale of Intelligence - 2nd Edition (WASI-II). 
London: Pearson. 
Wegiel, J., Kuchna, I., Nowicki, K., Imaki, H., Wegiel, J., Marchi, E., … Wisniewski, T. 
(2010). The neuropathology of autism: defects of neurogenesis and neuronal 





Wegiel, J., Kuchna, I., Nowicki, K., Imaki, H., Wegiel, J., Yong Ma, S., … Wisniewski, T. 
(2013). Contribution of olivofloccular circuitry developmental defects to atypical gaze 
in autism. Brain Research, 1512, 106–122. 
https://doi.org/10.1016/j.brainres.2013.03.037 
Weissman, D. H., Roberts, K. C., Visscher, K. M., & Woldorff, M. G. (2006). The neural 
bases of momentary lapses in attention. Nature Neuroscience, 9(7), 971–978. 
https://doi.org/10.1038/nn1727 
White, S., Hill, E. L., Happé, F., & Frith, U. (2009). Revisiting the strange stories: revealing 
mentalizing impairments in autism. Child Dev, 80(4), 1097–117. 
https://doi.org/10.1111/j.1467-8624.2009.01319.x 
White, S. J. (2013). The Triple I Hypothesis: Taking Another(’s) Perspective on Executive 
Dysfunction in Autism. Journal of Autism and Developmental Disorders, 43(1), 114–
121. https://doi.org/10.1007/s10803-012-1550-8 
White, S. J., Coniston, D., Rogers, R., & Frith, U. (2011). Developing the Frith-Happé 
animations: A quick and objective test of Theory of Mind for adults with autism. 
Autism Research, 4(2), 149–154. https://doi.org/10.1002/aur.174 
White, S. W., Elias, R., Salinas, C. E., Capriola, N., Conner, C. M., Asselin, S. B., … Getzel, 
E. E. (2016). Students with autism spectrum disorder in college: Results from a 
preliminary mixed methods needs analysis. Research in Developmental Disabilities, 
56, 29–40. https://doi.org/10.1016/j.ridd.2016.05.010 
Whitney, E. R., Kemper, T. L., Bauman, M. L., Rosene, D. L., & Blatt, G. J. (2008). 
Cerebellar Purkinje Cells are Reduced in a Subpopulation of Autistic Brains: A 
Stereological Experiment Using Calbindin-D28k. The Cerebellum, 7(3), 406–416. 
https://doi.org/10.1007/s12311-008-0043-y 
WHO. (1992). The ICD-10 classification of mental and behavioural disorders: Clinical 
descriptions and diagnostic guidelines. Geneva: World Health Organization. 
Wiener, M., Turkeltaub, P., & Coslett, H. B. (2010). The image of time: A voxel-wise meta-
analysis. NeuroImage, 49(2), 1728–1740. 
https://doi.org/10.1016/j.neuroimage.2009.09.064 
Wigal, S. B. (2009). Efficacy and Safety Limitations of Attention-Deficit Hyperactivity 
Disorder Pharmacotherapy in Children and Adults: CNS Drugs, 23(Supplement 1), 
21–31. https://doi.org/10.2165/00023210-200923000-00004 
Wilbertz, G., Elst, L. T. van, Delgado, M. R., Maier, S., Feige, B., Philipsen, A., & Blechert, J. 
(2012). Orbitofrontal reward sensitivity and impulsivity in adult attention deficit 
hyperactivity disorder. NeuroImage, 60(1), 353–361. 
https://doi.org/http://dx.doi.org/10.1016/j.neuroimage.2011.12.011 
Willcutt, E. G. (2012). The Prevalence of DSM-IV Attention-Deficit/Hyperactivity Disorder: A 
Meta-Analytic Review. Neurotherapeutics, 9(3), 490–499. 
https://doi.org/10.1007/s13311-012-0135-8 
Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., & Pennington, B. F. (2005). Validity 
of the Executive Function Theory of Attention-Deficit/Hyperactivity Disorder: A Meta-
Analytic Review. Biological Psychiatry, 57(11), 1336–1346. 
https://doi.org/10.1016/j.biopsych.2005.02.006 
Willcutt, E. G., Sonuga-Barke, E. J. S., Nigg, J. T., & Sergeant, J. A. (2008). Recent 
Developments in Neuropsychological Models of Childhood Psychiatric Disorders. In 
T. Banaschewski & L. A. Rohde (Eds.), Advances in Biological Psychiatry (pp. 195–
226). Basel: KARGER. Retrieved from 
http://www.karger.com/doi/10.1159/000118526 
Williams, D., & Jarrold, C. (2013). Assessing Planning and Set-Shifting Abilities in Autism: 
Are Experimenter-Administered and Computerised Versions of Tasks Equivalent?: 





Williams, L. M., Felmingham, K., Kemp, A. H., Rennie, C., Brown, K. J., Bryant, R. A., & 
Gordon, E. (2007). Mapping frontal-limbic correlates of orienting to change 
detection: NeuroReport, 18(3), 197–202. 
https://doi.org/10.1097/WNR.0b013e328010ff80 
Williams, N. M., Zaharieva, I., Martin, A., Langley, K., Mantripragada, K., Fossdal, R., … 
Thapar, A. (2010). Rare chromosomal deletions and duplications in attention-deficit 
hyperactivity disorder: a genome-wide analysis. The Lancet, 376(9750), 1401–1408. 
https://doi.org/10.1016/S0140-6736(10)61109-9 
Wilson, L. B., Tregellas, J. R., Hagerman, R. J., Rogers, S. J., & Rojas, D. C. (2009). A 
voxel-based morphometry comparison of regional gray matter between fragile X 
syndrome and autism. Psychiatry Research-Neuroimaging, 174(2), 138–145. 
https://doi.org/10.1016/j.pscychresns.2009.04.013 
Wing, L., & Gould, J. (1979). Severe impairments of social interaction and associated 
abnormalities in children: Epidemiology and classification. Journal of Autism and 
Developmental Disorders, 9(1), 11–29. https://doi.org/10.1007/BF01531288 
Wing, L., Leekam, S. R., Libby, S. J., Gould, J., & Larcombe, M. (2002). The Diagnostic 
Interview for Social and Communication Disorders: background, inter-rater reliability 
and clinical use. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 
43(3), 307–325. 
Winsler, A., Abar, B., Feder, M. A., Schunn, C. D., & Rubio, D. A. (2007). Private Speech 
and Executive Functioning among High-Functioning Children with Autistic Spectrum 
Disorders. Journal of Autism and Developmental Disorders, 37(9), 1617–1635. 
https://doi.org/10.1007/s10803-006-0294-8 
Wolf, R. C., Plichta, M. M., Sambataro, F., Fallgatter, A. J., Jacob, C., Lesch, K.-P., … Vasic, 
N. (2009). Regional Brain Activation Changes and Abnormal Functional Connectivity 
of the Ventrolateral Prefrontal Cortex During Working Memory Processing in Adults 
With Attention-Deficit/Hyperactivity Disorder. Human Brain Mapping, 30(7), 2252–
2266. https://doi.org/10.1002/hbm.20665 
Wolfe, F. H., Auzias, G., Deruelle, C., & Chaminade, T. (2015). Focal atrophy of the 
hypothalamus associated with third ventricle enlargement in autism spectrum 
disorder. Neuroreport, 26(17), 1017–1022. 
https://doi.org/10.1097/WNR.0000000000000461 
Wood, A. C., Rijsdijk, F., Johnson, K. A., Andreou, P., Albrecht, B., Arias-Vasquez, A., … 
Kuntsi, J. (2011). The relationship between ADHD and key cognitive phenotypes is 
not mediated by shared familial effects with IQ. Psychol Med, 41(4), 861–71. 
https://doi.org/10.1017/S003329171000108X 
Yang, J., Zhou, S., Yao, S., Su, L., & McWhinnie, C. (2009). The relationship between theory 
of mind and executive function in a sample of children from mainland China. Child 
Psychiatry and Human Development, 40(2), 169–182. 
https://doi.org/10.1007/s10578-008-0119-4 
Yang, P., Wang, P.-N., Chuang, K.-H., Jong, Y.-J., Chao, T.-C., & Wu, M.-T. (2008). 
Absence of gender effect on children with attention-deficit/hyperactivity disorder as 
assessed by optimized voxel-based morphometry. Psychiatry Research-
Neuroimaging, 164(3), 245–253. https://doi.org/10.1016/j.pscychresns.2007.12.013 
Yerys, B. E., Antezana, L., Weinblatt, R., Jankowski, K. F., Strang, J., Vaidya, C. J., … 
Kenworthy, L. (2015). Neural Correlates of Set-Shifting in Children With Autism. 
Autism Research, 8(4), 386–397. https://doi.org/10.1002/aur.1454 
Yerys, B. E., Gordon, E. M., Abrams, D. N., Satterthwaite, T. D., Weinblatt, R., Jankowski, K. 
F., … Vaidya, C. J. (2015). Default mode network segregation and social deficits in 
autism spectrum disorder: Evidence from non-medicated children. NeuroImage: 
Clinical, 9, 223–232. https://doi.org/http://dx.doi.org/10.1016/j.nicl.2015.07.018 
Yerys, B. E., Wallace, G. L., Sokoloff, J. L., Shook, D. A., James, J. D., & Kenworthy, L. 




behavior in children with autism spectrum disorders. Autism Research, n/a-n/a. 
https://doi.org/10.1002/aur.103 
Yirmiya, N., Erel, O., Shaked, M., & Solomonica-Levi, D. (1998). Meta-analyses comparing 
theory of mind abilities of individuals with autism, individuals with mental retardation, 
and normally developing individuals. Psychological Bulletin, 124(3), 283–307. 
Zakay, D. (1993). Relative and absolute duration judgments under prospective and 
retrospective paradigms. Perception & Psychophysics, 54(5), 656–664. 
Zandbelt, B. B., & Vink, M. (2010). On the Role of the Striatum in Response Inhibition. PLoS 
ONE, 5(11), e13848. https://doi.org/10.1371/journal.pone.0013848 
Zang, Y.-F., Jin, Z., Weng, X.-C., Zhang, L., Zeng, Y.-W., Yang, L., … Faraone, S. V. (2005). 
Functional MRI in attention-deficit hyperactivity disorder: Evidence for hypofrontality. 
Brain and Development, 27(8), 544–550. 
https://doi.org/10.1016/j.braindev.2004.11.009 
